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GLOSSARY 
 
Cura t i on Cura t ion  encompasses  many o f  the  preserva t ion and  
a rch iv ing  ac t i v i t i es ,  espec ia l l y  i n  d ig i t a l  env i ronments .  
Cura t ion  is  b road l y i n te rp re ted  as  be ing  abou t  
ma in ta in ing and  add ing  va lue to  a  t rus ted  body o f  
d ig i t a l  i n f o rmat ion  f o r  cu r ren t  and fu tu re  use  (Borgman,  
2007) .  
Cyber  
i n f ras t ruc ture  
Refe rs  t o  the  d is t r i bu ted  compute r ,  i n f ormat ion  and  
commun icat ion  t echno log ies  that  p rov ide  t he  p la t fo rm 
on  wh ich  to  bu i ld  t he  new t ypes  o f  sc ient i f i c  and 
eng ineer ing  knowledge  env i ronments  wh ich w i l l  enab le  
research  t o  be conduc ted  in  new ways  and  w i t h  
i nc reased ef f i c iency (DSTC,  2004) .  
Dig i t a l  
Scho la rsh ip  
A  ‘networked ’ ,  scho la r ly  o r  academic  env i ronment  w i t h  
pervas ive  i n t egra t i on  o f  d ig i t a l  techno log ies  in t o  
everyday lea rn ing  (Mutu la ,  2009) .  
e -Learn ing  Any means  o f  enhanc ing  lea rn ing  v ia  the  use o f  
i n f o rm at ion  and  commun icat ion t echno log ies  (Ke l l ne r ,  
2004 in  B orgman,  2007) .  
e -Research The  more  genera l  ve rs ion  o f  e -Sc ience  and  inc ludes  
non-sc ient i f i c  research,  such  as  human i t i es  and  soc ia l  
sc iences,  and  i s  a l so  charac te r ised  by t he  need  t o  use 
d i s t r i bu ted  comput ing  resources  fo r  co l l abora t ion  and  
shar ing  o f  knowledge  (DSTC,  2004) .  
e -Sc ience The  t e rm  that  i s  g i ven  t o  l a rge  sca le  sc ience  that  i s  
i nc reas ing ly be ing  car r i ed  ou t  t h rough  d i s t r i bu ted,  
g loba l  co l l aborat i ons ,  enab led  by t he  I n te rne t  and  
re la ted  techno log ies  (DSTC,  2004) .  
Gr id  
techno log ies  
Techno log ies  t ha t  p lay an  impor tan t  r o le  i n  t he 
deve lopment  o f  e -Sc ience  and  e -Research .  I n  much  t he 
same way t hat  consumers  and  bus inesses  a re  ab le  t o  
access  the i r  e lec t r i c i t y  supp ly,  Gr ids  enab le  
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researchers  and  research  ins t i tu t i ons  ne tworked  access  
to  d i s t r i buted  da ta  repos i tor i es ,  spec ia l i sed  sc ient i f ic  
equ ipm ent ,  knowledge  serv i ces ,  and  comput ing  power  
i n  an  ‘on  dem and’  way.  They enab le  f l ex ib le ,  secure 
resource  shar ing  and  coord ina ted  p rob lem so lv ing 
amongst  dynamic  co l l ec t i ons  o f  i nd i v idua ls ,  i ns t i tu t ions  
and  resources –  o f t en re fer red  t o  as  Vi r t ua l  
Organ i zat ions  (DSTC,  2004) .  
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CH APTER 1 :  DEFINIT ION OF THE RESE ARCH PROBLEM 
1 .1  In t roduct ion and Background 
The South  Af r i can  Depar tment  o f  Sc ience  and  Techno logy ’ s  co rpora te  
s t ra tegy 2010-2013  (DS T,  2010)  p laces  an  emphas is  on  the  need  f or  
Sou th  Af r i ca  t o  become a  “knowledge-based economy” .  The s t ra tegy  
fu r t her  h igh l i gh ted  t he  need  f o r  in tegra ted in f ras t ruc tu re  p lann ing  in  
o rder  t o  move  t he  coun t ry f rom be ing  a  resource-based  econom y to  
one t ha t  i s  based on  knowledge  (DST,  2010) .  M in i s te r  Pandor ,  i n  t he  
fo reword  t o  t he s t ra tegy,  par t i cu la r l y  ment ioned that  Research  &  
Deve lopm ent  promotes  t he  g rowth o f  knowledge- in tens ive  ac t i v i t y  i n  
the  S outh  A f r ican  economy.   She  went  on  t o  dec la re  t ha t  her  
depar tment ’s  a im  i s  t o ,  t h rough  research ,  improve  t he  compet i t i veness  
o f  the  South  Af r ican  economy s ign i f i can t l y .  
 
Th is  sh i f t  o f  s t ra tegy,  to  be  more  f ocused  on  knowledge  deve lopm ent ,  
i s  no t  un ique .  Coun t r i es  such  as  the  Un i t ed  K ingdom (UK)  and  
Aust ra l i a  f o l l owed a  s t ra tegy:  o f  us ing  research,  knowledge  and  
in fo rmat ion  techno logy t o  add  va lue  to  i t s  resource-based economy 
(Government  o f  the  Repub l i c  o f  Sou th  Af r i ca ,  2002 :  35) .  A  var ie ty  o f  
p rogrammes were  launched  by  t he  a f o rement ioned  coun t r i es  to  i den t i f y  
and t hen  address  these needs .   
 
S imu l taneous ly ,  huge changes  have  taken  p lace  in  i n f ormat ion  and 
commun icat ion  techno logy ( ICT) .  These  changes  have  b rough t  abou t  
research  t hat  was  no t  p rev ious ly  poss ib le  and  has  led  to  t he  adop t ion  
o f  a  new parad igm known as  e -Research .  Accord ing  t o  Hussey and  
Hussey (1997 :  47) ,  a  parad igm re fe r s  t o  the  p rogress  o f  sc ient i f i c  
p rac t ise  based  on  peop le ’ s  ph i l osoph ies  and  assumpt ions  abou t  t he  
wor ld  and  t he  na tu re  o f  knowledge ;  i n  t h i s  contex t ,  abou t  how research  
can  be  conducted .  
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D i f f e rent  coun t r i es  use  d i f fe rent  t ermino log ies  f o r  th i s  new parad igm 
such  as  e -Sc ience ,  cyber in f ras t ruc tu re  and  e - in f ras t ruc tu re .  Meyer  and  
Schroeder  (2009)  i nd i ca te  t ha t  e -Research  has become an  a l l -  
encompass ing  o r  “umbre l l a ”  t e rm  used  t o  mean t he  use  o f  advanced 
comput ing  t oo ls  and  h igh  powered  ne tworks  f or  co l l abora t i on  and  
shar ing  resources  in  sc ien t i f i c  o r  academic  research  fo r  t he  
co l l abora t i ve  p roduc t ion o f  knowledge”  (Borgman,  2007 ;  Du t ton  and  
Meyer ,  2009 ;  Schroeder ,  2007) .  
 
The  e -Research  in i t i a t i ve  a ims  to  revo lu t i on i se  research  and  a l l ow 
researchers  t o share  and  coord ina te  human and  techn ica l  resources  
(Per ro t t  and  Harmer ,  2008) .  e -Research  i s  a  new way o f  do ing 
research,  co l l abora t i ng  g loba l l y  and  nat iona l ly  wh i l e  m ak ing use  o f  ICT 
in f ras t ruc ture  to  do  research .   The  Aust ra l i an e -Research  Coord ina t ing 
Commi t tee  (Aust ra l i an  Government ,  2006)  dec la red  tha t  e-Research  
has  the  po ten t ia l  t o  i nc rease  t he  e f f ic iency  and e f fec t iveness  o f  
research  endeavours  ac ross  a l l  d i sc ip l i nes .  Grea te r  i n t e rac t i v i ty  
be tween researchers  and an  increased ab i l i t y  to  access  research  
ou tpu ts  w i l l  bene f i t  i ndust r y ,  governments  and  the  Aus t ra l i an  
commun i t y  as  a  who le .  I t  s tands to  reason  tha t  t he  S outh  Af r i can  
Government ’ s  d r ive  t o  improve  research  in f r as t ruc tu re  and  suppor t  
wou ld  address  a l l  aspect s  i den t i f i ed  as  p re requ is i t es  f o r  successfu l  e-
Research.    
1.2  Context  o f  the  Problem 
Once addressed  a t  na t iona l  l eve l ,  research  ins t i tu t es  such  as  the  
Counc i l  f o r  Sc ient i f i c  and  Indust r ia l  Research  (CSIR)  and  the  Human  
Sc iences  Research  Counc i l  (HSRC) ,  o r  academic  i ns t i tu t i ons  such  as  
the  Un ivers i t y  o f  P reto r ia  (UP) ,  wou ld  i n  t u rn  need  to  c rea te  a  s t ra tegy  
in  suppor t  o f  t he w ider  na t iona l  i n i t i a t i ve .  In  o rder  t o  deve lop  and  
implement  such  a  s t ra tegy,  the  necessary sys tems ,  s t ruc tu re  and  
cu l tu re  wou ld  need  t o  be  in  p lace  to  ensure  successfu l  imp lementat i on.  
However ,  as  e -Research  requ i res  co l laborat i on  be tween many  
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s takeholders  fo r  successfu l  imp lementa t i on ,  mere ly  imp lement ing  i t  in  
one o rgan isa t ion  wou ld  no t  t ru l y  add  va lue  t o  t he  knowledge  economy.  
In  search ing  f o r  prev ious South  Af r ican  inves t iga t i ons  in to  e -Research ,  
as  a  ho l i s t i c  concep t ,  on l y  one  ear ly  endeavour  was  found .  
 
Research  done  by t he  S ou th  A f r ican  Research  In fo rmat ion Serv ice  
(SARIS)  pro jec t  t eam,  found  t hat  t o  par t i c ipate  e f fec t i ve l y  and  t o  
advance  e -Research,  w i l l  requ i re  tha t  South  Af r i ca  as  a  who le  and  no t  
on ly  i nd i v idua l  i ns t i t u t ions  w i l l  need  t o  i nvest  i n  techn ica l l y  comp lex  
and o f t en  cos t l y  in f ras t ruc tura l  suppor t  serv i ces  (Page-Sh ipp ,  et  a l . ,  
2005) .  A  j o in t  approach  t owards  e -Research  by the  ma jo r  s t akeho lders  
i s  des i rab le ,  and there  i s  grea t  bene f i t  t o  be  ob ta ined  by shar ing  
deve lopm ent  and  opera t i ng  cos t s  (Page-Shipp ,  et  a l . ,  2005) .  The 
SARIS p ro jec t  t eam fu r t her  ident i f i ed  the  var ious  components  mak ing  
up  the  “ f am i l y  o f  e -Research” ,  wh ich  inc ludes  e -Sc ience  ( the  
genera t ion  o f  sc ien t i f i c  da ta ) ,  the  ICT  inf ras t ruc tu re ,  too ls  and  
app l i ca t i ons ,  d ig i ta l  cu ra t i on  and  p reservat ion ,  as  wel l  as  access  to  e-
In f o rmat ion.  The i r  mode l ,  i n  wh ich  each  o f  these components  is  
desc r ibed in  more de ta i l ,  i s  p rov ided  in  sec t ion 2 .2 .3 .1  o f  t h i s  repor t .  
 
Accord ing  to  P age-Sh ipp,  et  a l . ,  (2005) ,  the  in t e rna t iona l  commun i ty  
has  been  g rapp l i ng  w i th  the  requ i rements  f o r  e -Research  suppor t  f o r  
some t ime.   As  such ,  S ou th  Af r i ca  shou ld  perhaps  look  to  o ther  
coun t r i es  w i th  more es tab l i shed  e -Research p rograms f o r  gu idance  on  
the  bes t  p rac t ices  f o r  e -Research  in f ras t ruc ture  and  suppor t .  Fund ing 
e -Research  ac t i v i t i es ,  un less  coord ina ted,  can  be  a  cos t l y  and  f ru i t l ess  
exerc ise  (Page-Sh ipp ,  et  a l . ,  2005) .   The  SARIS  t eam then  deve loped  
a  f ramework  o f  e-Research  wh ich cou ld  se rve  as  an  in i t i a l  a t t empt  to  
des ign  a  na t iona l  f ramework .  
 
As  no  f u r ther  p roof  cou ld  be f ound  tha t  a  coheren t  f ramework  fo r  Sou th  
Af r i can  e -Research  i s  open ly access ib le ,  i t  sparked  t he  quest ion  
whether  Sou th  Af r i can  research o rgan isa t ions  ( such as  t he  CSIR and 
the  HSRC),  and  academic  i ns t i t u t ions  ( such  as  UP) ,  as  key  
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s takeholders  and  imp lementa t i on  f ac i l i t i es  f or  na t iona l  research  
endeavours ,  wou ld  be  w i l l i ng  to  ass i s t  i n  deve lop ing  a  na t iona l  
f ram ework  i n to  wh ich  t he  deve lopment  o f  the i r  own e -Research  
endeavours  cou ld  be  t i ed  i n  as  a  f i rs t  s t ep  in to  the  inves t iga t ion ,  i t  
wou ld  be  necessary t o  f ocus  on  ob ta in ing  a  de ta i l ed  unders tand ing  o f  
the  components  of  e -Research.  The  components  desc r ibed  by P age-
Sh ipp ,  et  a l . ,  ( 2005)  were  f ound  t o  be  very  bas ic ,  and  poss ib l y  no t  
suf f i c ien t  t o  serve  as  a  ho l i s t i c  f ramework  tha t  cou ld  gu ide 
s takeholders  i n  the  na t iona l  sys tem of  i nnovat ion ,  such  as  t he  CS IR,  
HSRC and UP in  the i r  s t ra tegy deve lopment .   
 
1.3  Problem Review  
Many coun t r i es  a re  f und ing  e -Research  in  o rder  to  bu i l d  a  knowledge 
economy in  t he i r  coun t r ies .  However  t o  bu i l d  a  knowledge  econom y 
ca l l s  f or  t he  i n tegra t i on o f  m any d i sc ip l i nes  i nc lud ing  no t  on ly  i n  
spec i f i c  sub jec t  d i sc ip l i nes  ( such  as  phys ics  o r  mechan ica l  
eng ineer ing )  bu t  a l so i n f o rm at ion  management  and  knowledge  
management  (Mbananga,  2007) .  Mu l t id is c ip l ina ry ,  i n  add i t i on ,  ca l l s  f or  
new ways  o f  t h ink ing  abou t  research  in f r as t ruc tu re .  
 
Twenty  F i ve  years  ago ,  the  ICT  in f ras t ruc tu re  was  we l l  su i t ed  t o  t he 
sc ience / research  cu l tu re  o f  t ha t  e ra  (Abbot t ,  2009) .  Vo lumes  of  data  
were  re la t i ve ly  sma l l ;  and  IT  sys tems were  re la t i ve l y  expens ive  and 
l im i ted  t o  be ing access ib le  on ly  t o  exper ts  (Abbo t t ,  2009) .  In  t he  
knowledge  e ra ,  however ,  m any researchers  a re  a f fec ted  by what  i s  
common ly re f e r red  t o  as  the  data  de luge .  The da ta  de luge ,  accord ing  
to  Hey and  T re fe then  (2003) ,  r e fe rs  t o  t he  spec tacu la r  g rowth  o f  da ta  
over  the  las t  cen tu ry.   
 
The  vo lume of  sc ien t i f i c  da ta  be ing  genera ted  by h igh ly  ins t rumented  
research  p ro jec t s  ( l inear  acce le ra tors ,  sensor  ne tworks ,  sa te l l i t es  e tc . )  
i s  so g rea t ,  t ha t  i t  can  on ly be  cap tu red  and  managed us ing  
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i n f o rmat ion  t echno logy (Hey and  Trefe then,  2003) .  The amount  o f  da ta  
p roduced  f ar  exceeds  the capab i l i t i es  o f  manua l  t echn iques  f o r  data  
management ,  and  t hus  the  need  fo r  cont ro l  o f  t h is  da ta  i s  ano ther  
essen t ia l  d r ive r  o f  e -Research (Lord  and  Macdona ld ,  2003) .  Th is  ‘ da ta  
de luge ’  i s  one  o f  t he m a in  d r ive rs  o f  e -Research (Hey and  Tre f e then ,  
2003) .  
 
Advances  in  techno logy a re  f u r t her  d r i ve rs  o f  e -Research.  D is t r ibuted  
work ing  env i ronments ,  suppor ted  by  t echnology,  a re  emerg ing  to  b reak  
down the  bar r i e rs  p rev ious ly  imposed  by d i s t ance  and  t ime (NSF,  
2003) .  These  new research  env i ronments  a re  l ink ing  toge ther  research  
teams,  d ig i t a l  da ta  and  in f o rmat ion  l i b ra r ies ,  h igh  per f o rmance 
computat i ona l  se rv i ces  and sc ien t i f i c  i ns t ruments  (NSF,  2003) .    
 
e -Research  i s  con t inuous ly evo lv ing ,  and  what  appears  t o  have 
in i t i a l l y  s ta r ted  as  mere ly  t he  ICT suppor t  t o  a l low researchers  to  
co l l abora te ,  has  been ex tended to  i ncorpora te  t he  need  f o r  open  
access  t o  i n f o rmat ion ,  t he  need  f or  suppor t  o f  the  complete  sc ient i f ic  
l i f ecyc le ,  and  the  need  f o r  knowledge  p roduc t ion ,  management  and  
movement  o f  i n fo rmat ion .  e -Research  p rov ides oppor tun i t i es  to  
deve lop who le  new areas  o f  va luab le  research  and  t o  see  ex is t i ng  
research in  new ways  (O’B r ian,  2005) .  
 
Coun t r i es ,  such as  t he  UK and  A ust ra l i a ,  have  es tab l i shed  e -Research 
p rograms to  meet  the  chang ing  needs  o f  r esearchers ,  by  us ing  
advanced  t echnolog ies .  These  coun t r i es  have  made g rea t  s t r i des  
towards  imp lement ing  e -Research na t iona l l y  and  i ns t i t u t i ona l l y .  The i r  
p rograms a re  cons tant ly  evo lv ing ,  and  t he  lessons  lea rn t  f r om these 
p rograms cou ld  poss ib l y  ass i s t  deve lop ing  coun t r ies  i n  es tab l ish ing 
the i r  e -Research  p rograms  more e f f i c ien t l y  and  e f f ec t i ve ly .   
 
Befo re  im plem ent ing  e -Research  in  Sou th  A f r i ca ,  an  eva lua t ion  phase 
shou ld  f i r s t  t ake  p lace .  Look ing  a t  coun t r i es  w i t h  es tab l i shed  p rograms 
in  o rder  t o  eva lua te  the i r  p rograms  can  p rov ide  ins igh t f u l  in f ormat ion  
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fo r  South  A f r i ca ,  as  a  l eader  i n  A f r i ca .   A n  eva luat ion o f  es tab l i shed 
p rograms,  wh i l e  a l so  tak ing  in to  cons idera t i on  A f r ican  c i r cumstances,  
can  prov ide  usefu l  i n f o rmat ion  per ta in ing  t o  the  imp lementat i on  
requ i rements  f o r  Sou th  A f r ica ,  i n  o rder  t o  p lace  Sou th  Af r i ca  on  t he  
fo re f ron t  o f  e -Research  in  A f r i ca .   
 
An  eva lua t ion o f  es tab l ished p rograms  cou ld  fu r ther  prov ide  South  
Af r i ca  w i th  ins ight  i n t o  the  m os t  cos t  e f f ec t ive  way t o  implement  e-
Research,  as  we l l  as  l ook ing  a t  the  l essons lea rn t  f rom  im plem ent ing 
e -Research  abroad .  As  such,  South  A f r ica  shou ld  l ook  t o  o ther  
coun t r i es  w i th  more es tab l i shed  e -Research p rograms f o r  gu idance  on  
the  bes t  p rac t ices  f or  e -Research in f r as t ruc tu re  and  suppor t .   
 
1.4  Research Problem 
e-Research:  A n Imp lementa t i on F ramework  f or  South  Af r i can  
Organ isat ions   
1.5  Research Object ives  
  To inves t igate  and  iden t i f y  the  components  o f  the  e -Research  and 
t o  de termine  sources  o f  f und ing  f o r  these  components ,  as  i den t i f i ed  
i n  the  Un i ted  K ingdom (UK)  e -Sc ience ,  and  the  Aust ra l i an  e-
Research p rograms.  
  To inves t iga te  and  iden t i f y  the  components  o f  t he e -Research,  as  
implemented in  Sou th  Af r ica .  
  To e labora te  on  and  ex tend  t he f ramework  o f  components  o f  e-
Research  f o r  Sou th  A f r ica  and  make  recomm endat ions  f o r  t hose  
com ponents  that  shou ld  be  f unded  cen t ra l l y  by  government ,  and  
t hose t hat  shou ld  be  f unded  by  t he ind i v idua l  i ns t i tu t ions .   
  To ca l i b ra te  t he  f ramework  and  sugges ted  f und ing  d i v i s ion 
(government  vs .  organ isa t ion  l eve l )  w i th  a t  l eas t  one  la rge  research 
ins t i tu t i on.  
 
e - R e s e a r c h :  A n  I m p l e m e n t a t i o n  F r a m e w o r k  F o r  S o u t h  A f r i c a n  O r g a n i s a t i o n s  
 
-  7  -  
1.6  De l ineat ion o f  the Study 
Th is  s tudy looks  a t  e -Research  ho l i s t i ca l l y  f rom a  Nat iona l  
pe rspec t i ve .  Implement ing  e -Research  in  one  o rgan isa t ion is  no t  
suf f i c ien t  towards  bu i l d ing a  knowledge  economy and  as  such  e -
Research  w i l l  a f fec t  many o rgan isa t ions ,  but  needs  to  be  addressed  a t  
an  o rgan isat iona l  as  we l l  as  na t iona l  l eve l .   
 
For  t hese  reasons  t he  s tudy f ocuses  on  t he  Nat iona l  pe rspec t i ve  bu t  
a l so  focuses  on  is sues  wh ich  o rgan isa t ions  who imp lemented  an e-
Research  s t ra tegy need  to  cons ider .  The  f i nd ings  and  
recommendat ions  o f  t h is  s t udy a re  a im ed a t  government ,  un ive rs i t i es ,  
research  ins t i tu t es  l ib ra r ies  and in f ormat ion  and  commun icat ion  ( ICT)  
depar tments  to  ass is t  them in  the i r  e -Research  s t ra tegy deve lopment  
and imp lementa t ion.  The  f r amework  can  then  be  adap ted  t o  meet  
spec i f i c  i ns t i tu t i ons  needs.  
1.7  Impor tance o f  the  Study 
Th is  s t udy w i l l  be  a  s ign i f i cant  endeavour  in  unders tand ing  t he  
in f ras t ruc ture  requ i red to  f u l l y  pa r t i c ipa te  i n ,  and bene f i t  f rom,  e -
Research,  as  a  key  requ i rement  f or  bu i l d ing  a  knowledge  econom y f or  
the  coun t r y.  The  s tudy w i l l  a l so  look  in t o  i n t ang ib le  aspec t s ,  such  as  
cu l tu re ,  which were  poss ib l y  prev ious ly  not  cons idered .  
 
The  s tudy a ims  to  i den t i f y  gaps  in  the  f ramework  o f  com ponents  o f  e-
Research,  as  i den t i f i ed  by  the  SARIS  p ro jec t  t eam.  The  s tudy  f u r t her  
endeavours  t o  show how,  hav ing a  complete  unders tand ing  o f  t he  
va r ious  components  that  make  up  the  e -Research parad igm,  can  ass is t  
un ive rs i t ies ,  government ,  l i b ra r ies  and  research  ins t i tu t es  in  d ra f t i ng  
the i r  e -Research  imp lementa t i on s t ra teg ies  and de te rm in ing  what  
fund ing  i s  requ i red  and  wh ich  components  a re  t he  respons ib i l i t y  o f  
each  o f  t he  s takeho lders .   
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1.8  L imi ta t ions of  the  s tudy 
Desk  research  w i l l  ma in l y  be  conduc ted.  I t  w i l l  no t  be  poss ib le  to  have  
d i rec t  access  t o  any o f  t he  a rch i t ec ts  o f  t he UK or  Aus t ra l i an  
i n i t i a t i ves .  I t  i s  t he refo re  poss ib le  tha t  impor tant  i ssues  cou ld  be  
underes t imated  o r  no t  be  iden t i f i ed .   
 
Ano ther  l im i t a t i on  is  t ha t  the  compara t ive  s tudy w i l l  f ocus  on  
deve loped  coun t r ies  (as  i nd icated  in  sec t ion  1 .3 ) ,  where  la rger  sca le  
fund ing  i s  ava i l ab le  f o r  imp lement ing  such  in i t i a t i ves .  In  deve lop ing 
coun t r i es  such  as  Sou th Af r i ca ,  the  ava i l ab i l i t y  o f  f und ing  i s  l im i t ed  
and p r io r i t i es  a re  d i f f e ren t .    
 
The  s tudy w i l l  f ocus  on  p rograms  and  in i t ia t i ves  t ha t  have  been  
implemented  by  t he  coun t r i es  be ing  s tud ied;  i t  w i l l  no t  l ook  in t o  t he 
success  o r  f a i lu re  o f  t hose  p ro jec t s ,  and  as  such,  w i l l  on l y  p rov ide  an  
overv iew,  as  opposed  t o  i nd i cat i ng  whether  the  imp lementa t i on  o f  a  
spec i f i c  com ponent  i s  essen t ia l .  
 
T ime l im i t a t ions  w i l l  r esu l t  i n  a  ve ry  l im i ted  ca l i b ra t i on  o f  t he  
f ram ework  and  recomm endat ions .   Idea l l y ,  i t  wou ld  be  adv isab le  t o  t es t  
the  f ram ework  w i th  m ore  ins t i tu t i ons .   
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1.9  Out l ine of  Chapters  
Th is  d i sser t a t ion  cons is ts  o f  s i x  chap te rs .  
 
Chap te r  1  p rov ides  a  genera l  i n t roduc t ion  and  ou t l i nes  t he  p rob lem 
and background  re la ted  to  t he  s tudy.  Th is  chap ter  a l so  ou t l i nes  t he  
research ob jec t ives  a round  wh ich the  s tudy i s  s t r uc tu red .  
 
Chap te r  2  exp lores  and  deve lops  a  deeper  unders tand ing  o f  t he  
research  p rob lem,  t hrough  re f l ec t ion  and  exp lo i t a t ion  o f  appropr ia te  
bus iness  mode ls  and  theory .  
 
Chap te r  3  p rov ides  a  comprehens ive  l i t e ra tu re  rev iew o f  t he  m a jor  
a reas  addressed in  the  inves t iga t ion .  The  chap ter  h igh l i gh ts  t hose  
aspec ts  tha t  authors  i nd ica te  as  be ing  components  o f  the  e -Research 
parad igm.   
 
Chap te r  4  exp la ins  t he  research  des ign  and  methodology used f o r  t he 
s tudy.  Da ta  co l lec t i on  and  ana lys i s  m ethods  f or  t h is  s tudy a re  
exp la ined  in  t h i s  chapte r .  
 
Chap te r  5  se ts  ou t  the  overa l l  r esu l t s  o f  t he s tudy.  The  resu l t s  f r om 
the  f ocus  g roup  conduc ted  and  in te rv iews  a re  i nd i ca ted  in  t h i s  sec t i on.  
Th is  chapte r  f u r t her  ou t l i nes  an  im plem entat i on f ramework  f o r  e -
Research in  South  Af r i ca .  
 
Chap te r  6  d i scusses  t he  conc lus ions  o f  t he  s tudy and  we l l  as  mak ing  
recommendat ions  f o r  t ak ing  t he  f ramework  f o rward  in  Sou th  Af r i ca ,  
wh i l e  a l so p ropos ing  recomm endat ions  fo r  fu t u re  research .  
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1.10  Summary 
Th is  chapte r  h igh l i gh ted  the  background  as  t o  how e-Research  came 
abou t  and  exp la ined  tha t  t h i s  was  la rge ly due  to  the  chang ing  needs  o f  
researchers ,  g loba l i sa t i on ,  i nc reas ing  vo lum es  of  data  and  im prov ing 
techno log ies .  The  chap te r  fu r ther  ind i ca ted  tha t  coun t r i es  such  as  t he 
UK and  Aust ra l ia  have  been  emp loying  t h i s  new parad igm  –  e -
Research,  as  a  way to  a t t empt  t o  con t r i bu te  t owards  bu i l d ing  
knowledge  economies  fo r  those coun t r i es .  The  chap te r  f ur t her  
emphas ized  t he ob jec t i ves  and  the  im por tance  o f  t he  s tudy,  wh i le  a l so 
p rov id ing  t he ou t l ine  o f  the chapte rs  f o r  th i s  repor t .  
 
The  f o l l owing  chap te r  app l i es  va r ious  bus iness  mode ls ,  in  o rder  to  
ga in  a  deeper  unders tand ing  o f  the  va r ious  aspect s  that  a f f ec t  t he 
implementat i on o f  e -Research .   
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CH APTER 2 :  THEORETIC AL CONSIDER ATIONS 
The po ten t ia l  f o r  advanced  ICT t o  enhance  research  ou tcomes  and  t o  
fac i l i t a te  new fo rms  of  research  and research  co l l abora t ions  t ouches 
every f i e ld  o f  research  endeavours ,  f rom natu ra l  sc iences  t o  a r ts  
(Sargen t ,  2007) .  The  needs  o f  t hese  var ious  research  ac t i v i t i es ,  t he 
d i f f e r i ng  perspec t i ves  o f  these  needs ,  and  the  ba lances  between 
phys ica l / d ig i t a l  and  pas t / f u t u re  con tex t s ,  a re  immense ly d i verse  and  
o f t en d i ve rgent  (Sargen t ,  2007) .  However ,  t he  f undamenta l s  o f  access,  
co l l abora t i on  and  exchange ,  a re  cons is t ent  across  t h i s  d i ve rs i t y .   
 
To  ach ieve  e f f ec t i ve  out comes f or  i nvestments  in  e -Research,  and  t o  
bu i l d  p la t f o rms  f or  no t  on ly  cu r ren t ,  bu t  a l so  f u tu re  needs ,  requ i res  a  
c lea r  s t ra teg ic  f ocus  (Sargen t ,  2007) .  Th is  chapter  re f l ec ts  on  ex i s t i ng  
theor ies  and  mode ls ,  espec ia l l y  how they re la te  to  t he e -Research  
in i t i a t i ve ,  as  we l l  as  t hose  aspec ts  t ha t  a f f ec t  t he  successfu l  
implementat i on o f  an  e-Research s t ra tegy.  
2.1  The Context  o f  Change 
The ex terna l  f orces  on  o rgan isat ions  requ i re  t hem to  change  in  order  
to  rema in  compet i t i ve  (S tu rges,  2007) .  The  same can  be  sa id  f or  
coun t r i es .  I n  o rder  to  rem ain  compet i t i ve  g loba l l y ,  coun t r i es  a lso  need  
to  change .  The  ma in  ex te rna l  d r i v ing  f o rces  wh ich  cause  count r i es  t o  
need  t o  adap t  and  change  a re  ma in l y  g loba l i sa t i on  and  chang ing 
techno logy (S tu rges ,  2007) .   
 
S turges  (2007)  i nd i ca ted  t hat  wh i l e  techno logy is  f o rc ing  o rgan isat ions  
and coun t r i es  to  change ,  many change  in i t i a t i ves  are  c lose ly l i nked  t o  
the  in t r oduc t ion  o f  new techno logy.  Beyond  t he  in t roduct ion  o f  new 
techno log ies  i n  bus iness ,  ano ther  approach  be ing  used  t o  br ing  abou t  
change  i s  tha t  o f  knowledge management ,  i n  o rder  t o  ach ieve  
compet i t i ve  advan tage .  K nowledge  management  makes  use  o f  
techno log ies  t o  harness  sk i l l s  and competenc ies .  e -Research  can be  
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seen  as  a  combinat ion  o f  these  change  in i t ia t i ves ;  bo th  t he  
in t roduct ion  o f  new techno log ies  and  imp lementat ion  o f  knowledge  
management .  
 
For  o rgan isa t ions  o r  coun t r i es  t o  im p lem ent  change ,  Mabey (2007 )  
i nd i cated  tha t  the  change  in i t i a t i ve  shou ld  be  managed.  Mabey  
(2007 :110)  notes  tha t  the  management  o f  change  en ta i l s  a  “…ser ies  o f  
i n f o rmed cho ices…” ,  whereby t he  most  appropr ia te  approach  is  
se lec ted ,  and  thereaf te r  t he  tac t ics  t o  be  em p loyed  a re  i den t i f i ed .  
These  a reas  a re  i l l us t ra ted  in  F igure  1 .  The  e ight  con tex tua l  fac to rs  
dep ic ted  in  the  ou ter  c i rc le  i n f luence  t he  implementa t i on o f  change  
and a re  cons idered espec ia l l y  im por tan t  i n  t he  ear l y  d iagnos t ic  phases  
o f  change  (Mabey ,  2007) .   
 
Dec is ions  regard ing  scope,  t ime,  power  and read iness  are  cons idered  
con tex tua l  in  na tu re ,  wh i l e  t hose  re la t i ng t o  capac i t y ,  capabi l i t y ,  
un i f o rm i t y  and  p reservat ion  a re  seen  t o  re l y  more  on  t he  change  
leader ’s  j udgm ent .  However ,  as  Mabey (2007)  po in t s  ou t ,  t he  ou tcome 
of  t rans fo rmat iona l  change  is  not  necessar i l y  p red ic tab le ,  espec ia l l y  
where  i t  en ta i l s  change  a t  severa l  leve ls .  
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F i g u r e  1 :  T h e  Ch a n g e  Ka l e i d o s c o p e  ( t a k e n  f r o m  M a b e y ,  20 0 7 ,  b a s ed  o n  
B a l o g u n  e t  a l . ,  19 98 )  
 
The  change  ka le idoscope  re fe rs  to  scope  as  be ing  one  o f  t he  
d imens ions  tha t  requ i res  cons iderat i on  befo re  b r ing ing  abou t  change .  
W hen cons ider ing scope  in  re la t i on t o  change ,  Mabey (2007)  ind i ca ted  
tha t  a  j udgem ent  mus t  be  made on :   
•  How b ig  a  change  i s  ca l l ed f o r ;  
•  W hether  t he  change  af f ec t s  d is c re te  work ing  teams o r  g roups;   
•  W hether  the  change  addresses  i ssues  a t  an in te r -g roup  leve l  o r  a t  
an  o rgan isat iona l  l eve l .   
 
I n  answer ing  these  ques t ions ,  re la t i ng  t o  scope ,  implem ent ing  e-
Research  ca l ls  f or  a  change  wh ich  a f f ec ts  many ins t i t u t ions ,  espec ia l l y  
research  and  academic  i ns t i tu t i ons .  The  change  is  w ide-spread  and  
many s takeho lders  w i l l  be a f f ec ted.   
 
I n  t e rms of  t ime,  t he  t ime t aken t o f u l l y  imp lement  e -Research  w i l l  be  
dependant  on  t he  f und ing  ava i l ab le  t o  imp lement  the  necessary,  and  
o f t en  cos t l y ,  i n f ras t ruc tu re  requ i red .  However ,  t he l onger  i t  t akes  to  
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implement ,  t he  more  the  count ry  o r  o rgan isa t ion  may s l i p  beh ind  i t s  
g loba l  compet i to rs .   
 
The  change  ka le idoscope  a l so  h igh l i ght s  the  need  t o  l ook  a t  power .  
Mabey (2007)  i nd i ca ted  that  power  re fe rs  t o  the  power  the  change  
leader  o r  agen t  has  in  o rder  to  impose  change  and  how much  room the  
change  leader  has  t o  m anoeuvre.  Mabey (2007)  a l so  h igh l i gh ts  the  
need  f o r  a  change  leader .  Mabey (2007)  f ur ther  i nd i ca ted  that  
o rgan isa t ions  and  the i r  peop le  need  t o  be  aware  o f  t he  need  f or  
change ,  as  we l l  as  be ing commi t ted  to  the  change .  
 
In  t erms  of  capac i t y  and  capab i l i t i es ,  i t  can  be  h igh l i gh ted  tha t  e-
Research  br ings  abou t  new pa t te rns  o f  work ,  a  new way  o f  do ing  
research,  and  as  such ,  researchers  m ay no t  have the  necessary sk i l l s  
to  make  use  o f  e -Research  capab i l i t i es .  Th is  w i l l  ca l l  f o r  new sk i l l s  
deve lopm ent .  
 
F rom  app ly ing  t he  change ka le idoscope ,  i t  has  been  h igh l i gh ted  tha t  a  
change  leader  may be  necessary,  tha t  f und ing  can  impact  the  t ime 
taken  t o  im plem ent  the  change  and t ha t  t he i r  needs  t o  be  inves tment  
i n  sk i l l s  deve lopment ,  to  enab le  researchers  t o  e f f ec t i ve l y  use e -
Research.  
 
Accord ing  t o  S tu rges  (2007) ,  based  on  a  c lass i f i ca t ion  by Thur ley and  
W irden ius  (1973)  i n  the  e -Research  con tex t ,  a  s t r a tegy f o r  change  to  
bes t  b r ing  abou t  the  e -Research in i t i a t i ve  may be  a  par t i c ipat ive  
s t ra tegy.  The  under l y ing  assumpt ion  o f  t h is  s t ra tegy,  accord ing  to  
S turges  (2007) ,  i s  that  peop le  w i l l  no t  be  commi t ted  t o  the  change  
un less  t hey a re  i nvo lved .  A s  e -Research  a f fec ts  a  num ber  o f  
s takeholders  and the  under l y i ng  concep t  of  e -Research  i s  
co l l abora t i on ,  a  par t i c ipa t ive  s t ra tegy may be the  bes t  way t o  b r ing  
abou t  change.  
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In  o rder  t o  b r ing abou t  change  on  such  a  l a rge  sca le  one  needs  t o  
dev ise a  s t ra tegy t o  s ta r t  implem ent ing  t he change s t ra tegy.   
 
2.2  e -Research Stra tegy Implementat ion 
Before a  s t rategy can  be  imp lemented ,  such  as  an e -Research  s t ra tegy 
Boo j i hawon (2007)  i nd i cated  t hat  the  necessary s t ruc tu re ,  sys tems and 
cu l tu re  shou ld  be  in  p lace  (See  F igure 2 ) .  Van  Deven te r  and  P ienaar  
(2008)  ind i ca te  tha t  t he  recommendat ions  f rom the  SARIS  repor t  
impl ied  tha t  i nd iv idua l  r esearch  ins t i tu t i ons  shou ld  imp lement  e-
Research  s t ra teg ies ,  co l laborate  w i th  o ther  i ns t i tu t i ons  and  lobby  
government  t o  suppor t  open  access  in i t i a t i ves .   
 
 
F i g u r e  2 :  T h e  S t r a t e g y  I m p l e m e n t a t io n  P r o c e ss  ( B o o j i h aw o n ,  2 0 0 7 )  
 
The  f o l l owing  sec t ions  app ly t h i s  m ode l  to  unrave l  the complex i ty  
re la t i ng  t he  imp lementa t i on  o f  an  e-Research  s t ra tegy.  Sec t ions  2 .2 .1   
to  2 .2 .3  be low,  desc r ibe each o f  the aspec ts  i n  more de ta i l .  
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2.2 .1  Structure 
As was  h igh l i gh ted  by the  change ka le idoscope  (F igure  1  i n  Sec t ion  
2 .1 ) ,  leadersh ip  may be  necessary  t o  e f f ec t i ve l y  b r ing  abou t  change ,  
and wh i le  l eadersh ip  i s  no t  o f t en  seen  to  f o rm  par t  o f  s t ruc tu re ,  bu t  
ra ther  cu l t u re ,  i t  t a l k s  t o  t he  need  in  a  na t iona l  con tex t  f o r  a  
depar tment / i ns t i t u t i on /body wh ich  w i l l  l ead  t he  change  p rocess  and 
w i l l  coord inate  e -Research  ac t i v i t i es  t o  e l im ina te  dup l i ca t i on  o f  
ac t iv i t i es  and ensure  the cos t -e f fec t i ve  im plem entat ion  o f  e -Research.   
 
Fur t hermore,  s t ruc tu re  i n  t he  e -Research  con tex t  can  a lso re la te  to  
fund ing  by  i nd i ca t i ng  how e-Research  w i l l  be  f unded  and  who t he 
fund ing  bod ies  w i l l  be .  Th is  can  a lso  re la te  t o  a  f und ing  s t ruc tu re  f or  
e -Research ac t iv i t i es .   
 
The  bas is  o f  e-Research ,  accord ing  to  many au thors ,  i s  tha t  i t  a l l ows  
fo r  co l l abora t i on among ins t i t u t ions .  Th is  m eans  t ha t  f o r  spec i f i c  
research  p ro jec ts ,  people  w i l l  be  s t ruc tu red  in  d i f f e ren t  ways,  
dependant  o f  t he p ro jec t  be ing under taken .  Accord ing  to  the  e -
In f ras t ruc tu re  Re f lec t i on Group  (2010) ,  t he  o rgan isa t iona l  s t r uc tu res  
w i l l  need  t o  be  serv i ce-o r ien ta ted  ac ross  o rgan isa t iona l  boundar ies ,  as  
we l l  as  address ing  t he  in tegra t i on  o f  l oca l ,  g loba l  and  ou tsourced 
resources .  Th is  may ca l l  f o r  dynamic  s t ruc tu res  across  o rgan isa t ions  
to  be es tab l ished  f o r  shor t  pe r iods  o f  t ime t o  f u l f i l  a  spec i f i c  purpose.   
 
2.2 .2  Cul ture 
I t  was  h igh l i ghted  in  t he  change  ka le idoscope  (F igure 1  in  Sec t ion  2 .1)  
tha t  the re  wou ld  poss ib l y  be  a  need  f o r  sk i l l s  deve lopment .  However ,  
th i s  change  ca l l s  f o r  a  d i f f e ren t  way  o f  do ing  work  and  may ca l l  f o r  a  
cu l tu re  change  in  o rgan isa t ions .  Many researchers  m ay no t  be  used  t o  
app l y ing  advanced  ICT techno log ies  to  per f o rm  the i r  work  and  b r ing ing  
abou t  a  change  as  l a rge  as  e -Research ,  cou ld  have  a  ve ry b ig  impac t  
on  the  researchers .  Nat iona l l y  and  w i th in  o rgan isa t ions ,  e-Research 
ca l l s  fo r  the need of  a  poss ib le  cu l tu re  change .   
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2.2 .3  Systems 
Many au thors  p lace  an  emphas is  on  t he  in f ras t ruc tu re  requ i red  to  b r ing  
abou t  e -Research.  In  o rder  to  unders tand  e -Research  in  i t s  en t i re t y ,  
however ,  means t ha t  aspec ts  beyond  jus t  i n f r as t ruc tu re  shou ld  be 
cons idered .  Three  d i sconnec ted  m ode ls  were  cons idered  t o  ga in  
i ns ight  i n t o  wha t  cou ld  poss ib l y  se rve  as  a  ho l i s t i c  e -Research 
sys tems mode l .  Each o f  t hese is  desc r ibed in  more de ta i l  be low.  
2 . 2 .3 .1  In f o rmat io n  Se rv ices  
 
Page-Shipp ,  et  a l . ,  (2005)  i nd ica ted  t ha t  the e -Research  parad igm is  
compos i t e  o f  t he fo l l owing  t r ends :  
•  The  ab i l i t y  t o  t rans f e r  la rge vo lumes  of  data ;  
•  To  share  computa t i on  capac i ty  be tween  remote l y  s i tua ted 
researchers  i n  o rder  t o  ach ieve  ' f as te r ,  d i f f e rent ,  bet ter  research ' ;  
•  The need  t o  make  be t t e r  use  o f  expens ive l y  c rea ted  da tabases  by  
' t he  ac t i ve  management  and  appra i sa l  o f  da ta  over  the  l i f e  cyc le  o f  
s cho lar ly  and  sc ien t i f i c  in t e res t '  i s  t he  bas is  o f  a  new f i e ld  o f  
endeavour  ca l l ed d ig i ta l  cu ra t i on;  
•  S cho lar l y  d i scourse  now takes p lace  on  t he  dua l  p lay ing  f i e ld  o f  
commerc ia l  pub l i ca t i on  and open  access .  
 
The  SARIS  p ro jec t  t eam ind icated  a  bas ic  f ram ework  f o r  t he  
components  o f  e -Research (Page-Sh ipp ,  et  a l . ,  2005) .  
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Components of eResearch
Data Transfer 
& Computation
Tools & 
application
Primary Data 
Sharing
Digital Curation 
& Preservation
Commercial 
Publishing
Open Access 
Publishing
eScience Access to eInformation
By definition this is
Science employing 
transfer and 
sharing of large 
volumes of data
Software that 
allows 
manipulation, 
modelling and 
analysis of data
Making research 
data available to 
other researchers
Active 
management of 
databases 
including 
promotion of 
effective and 
widespread use of 
the datasets for 
their scientific & 
scholarly useful life
Contribution to & 
use of published 
resources requiring 
payment by 
readers
Contribution to & 
use of published 
resources where 
content is regarded 
as ‘free’
Which requires
Access to remotely 
held large datasets 
& high 
performance 
computing via 
affordable high 
bandwidth
Access to models, 
source code and 
open standards
Accessible 
repositories & 
quick reference
Preservation & 
curation 
repositories & 
access 
mechanisms, 
archival skills & 
infrastructure
Affordable licences 
for researcher 
access & discovery 
mechanisms
Serviceable 
infrastructure for 
publication and 
access.
Researcher requires: Perpetual access, Curation, Training, Marketing
Supplier must ensure: Security-Access, Authorization, Authentication
 
F i g u r e  3 :  C o m p o n e n t s  o f  e - R e s e a rc h  ( P a g e - S h i p p ,  e t  a l . ,  2 0 0 5 )  
 
The  e -Research  components  as  i den t i f i ed  by the  SARIS  p ro jec t  t eam 
(Page-Sh ipp ,  et  a l . ,  2005)  a re  i nc lus i ve o f  the  fo l l owing :  
•  Data  T ransfe r  and  Computat i on :  The  in f ras t ruc tu re  shou ld  make i t  
poss ib le  f or  r esearchers  t o  t rans f e r  and share,  between  
geograph ica l l y  d i s t r i buted  researchers  o r  g roups ,  la rge da ta-
s t reams  o r  da tase t s ,  and  t o  share  mode ls  and  even  com put ing  
capac i t y .   
•  Too ls  and  app l ica t i ons :  F ind ing  t he ava i l ab le  t oo ls  and  app l i ca t i ons  
and  mak ing  them v i s ib le  and  ava i l ab le  to  o ther  r esearchers  wou ld  
requ i re  e f f i c i ent  suppor t  and  t he p romot ion  o f  open  source  and  
open  s tandards .  
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•  P r imary Da ta  S har ing :  Mak ing  p r imary research  data  ava i l ab le  t o  
o ther  researchers  i s  par t  o f  the  e -Sc ience  parad igm.  One needs  t o  
s to re  not  on ly  the  da tabase  per  se ,  bu t  a lso  suf f i c ien t  metada ta  t o  
enab le  a  po ten t ia l  user  to  f i nd  re levant  data  and  be sa t is f i ed w i th  
i t s  va lue  and p rovenance .  
•  Dig i t a l  cura t i on and  p reservat ion.  Th is  ac t i v i t y  re f e rs  t o  the  ac t ive  
m anagement  o f  da tase ts  f o r  the i r  sc ien t i f i c  and  scho la r l y  usef u l  
l i f e t imes ,  i nc lud ing  the  p rom ot ion  o f  e f f ec t ive  and  w idespread  use .  
O ther  ePr in t  a rch ives ,  f o r  exam ple,  t heses  and  research  repor ts ,  
f o rm par t  o f  t h is  ca tegory .   
•  Comm erc ia l  and  open  access  t o  eConten t .  The  pursu i t  o f  h igh 
qua l i t y  r esearch  requ i res  ready access to  the  pub l ished  work  and  
da ta  of  o ther  r esearchers ,  and  the  f ac i l i t y  t o  pub l i sh  one 's  own 
f i nd ings .  I nc reas ing ly,  t h i s  t akes  p lace  v ia  t he  W or ld  W ide  W eb.  I n  
t he  t rad i t i ona l  commerc ia l  mode l ,  paym ent  o f  a  l i cence  o r  o ther  
access  fee  is  requ i red ,  whereas  an  em erg ing  mode l  i s  o f  ' f ree '  or  
' open '  access to  on l i ne pub l i ca t ions  in  f o rmal  j ourna ls  or  
i ns t i tu t i ona l  o r  na t iona l  r epos i to r i es .   
 
The  bas ic  components  i den t i f i ed  do  no t  spec i f i ca l l y  ind i ca te  t hose 
sys tems o r  the  in f ras t ruc tu re  requ i red  to  b r ing  abou t  t he  necessary  
change  f o r  e -Research ;  however ,  i t  can  be  seen  t ha t  i n f o rmat ion,  how 
i t  i s  managed,  cura ted ,  d i ssem inated  and  t r ans fer red ,  w i l l  be  a  key t o  
e -Research sys tems.  
 
The  mode l  a l so does  no t  i ncorpora te  e -Learn ing ;  an  essen t ia l  
component  o f  sk i l l s  deve lopment  and  mos t  impor tan t l y  does  no t  
address  co l l aborat i on  and  co l l abora t i ve  knowledge  deve lopment  –  t he  
base  reason  why e-Research  i s  chang ing t he research  parad igm.  
Las t l y  i t  appears  t ha t  the  mode l  does  no t  fu l l y  grasp  the  ex ten t  o f  t he 
comput ing resources  requ i red  to  make  e -Research happen.  
 
W i th  t he  s i ze  and  scope  of  changes  requ i red  to  imp lement  e -Research,  
i t  w i l l  natu ra l l y  c rea te  p ressure  to  use ,  whenever  poss ib le ,  com put ing 
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resources  t hat  do  no t  requ i re  ded ica ted  hardware  and  personne l  
i nvestments .  The s i ze  and scope  o f  e -Research i s  vas t  and  is  
compos i t e  o f  m any d i sc ip l i nes  and  aspec ts .  These  var ious  aspects  
p lay  an  impor tant  ro le  i n  t he success fu l  implementa t i on  o f  an e-
Research s t ra tegy.  
 
Sys tems to  suppor t  t hese  t rends  a re  essen t ia l  to  b r ing ing  abou t  t he  e -
Research  change  requ i red .  The under l y ing  concep ts  beh ind  e -
Research accord ing  t o  He l lmers  (2009)  a re :  
•  I n f o rmat ion m anagement ,  re ten t ion and  shar ing ;  
•  Research methods ,  too l s  and  serv ices ;  
•  Research co l l abora t i on  and d i ssem ina t ion .  
 
Accord ing  to  S tap le ton  (2007) ,  the  ma in  in f ormat ion  management  
p rocesses  inc lude  ga ther ing ,  ana lys ing ,  commun icat ing  and  s to r ing  o f  
i n f o rmat ion .  The  e -Research  components  wou ld  need  t o  re f l ec t  
p rocesses  or  i n f ras t ruc tu re  t o  i ncorpora te  a t  l eas t  these aspects  o f  
i n f o rmat ion  management .  
 
2 . 2 .3 .2  Mul t i - d isc ip l i na ry  Kn o wled ge  Man agem en t  
 
E -Research shou ld  however  be  b roader  than  jus t  i n fo rmat ion  
management .  Many coun t r i es  a re  fund ing  e -Research  in  o rder  to  bu i l d  
knowledge  in  the i r  coun t r i es .  However ,  t o  bu i ld  a  knowledge  economy,  
ca l l s  f o r  t he  i n tegra t i on  o f  many d i sc ip l i nes ,  i nc lud ing  no t  on ly  
i n f o rmat ion  management ,  bu t  a l so  knowledge  managem ent  (Mbananga ,  
2007) .    
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F i g u r e  4 :  M o d e l  o f  a  K n ow l ed g e  E c o n o m y  ( M b a n an g a ,  20 07 )  
 
Hav ing in f orm at ion ,  s t or ing i t  and  commun ica t ing  i t ,  does  not  
necessar i l y  t rans la te  i n to  knowledge  genera t ion .  Manag ing  (wh ich  
wou ld  i nc lude  s tor ing )  knowledge  can  a l so  p lay  an  i mpor tan t  par t  i n  e-
Research  t o  ensure  t hat  knowledge  i s  generated ,  eva lua ted  and  
managed cor rec t ly .  
 
By compar ing e -Research  t o  i n f ormat ion  management  requ i rements ,  
and a  knowledge  economy mode l  by Mbananga (2007) ,  t he  fo l l owing  
themes  a r ise :  
•  The need  f o r  ICT in f ras t ruc ture ,  too l s  and app l ica t i ons ;  
•  The ab i l i t y  to  t r ans fe r  and  s tore  la rge vo lumes  of  da ta  ac ross  
networks ;  
•  Knowledge  management ;  
•  Open  access  t o  i n f o rmat ion (o r  e - in f o rmat ion ) ;  
•  S takeho lder  co l l abora t i on  & comm unicat ion ;  
•  I n f o rmat ion  managem ent ,  gather ing ,  ana lys ing ,  s to rage  and 
commun icat ion.  
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The  knowledge  economy model  h igh l i gh ts  the  need  f o r  knowledge 
management  p rom inent l y ;  however  t h is  i s  not  h igh l i gh ted  in  the  
in f o rmat ion  serv i ces  m odel ,  d i scussed  in  sec t ion  2 .2 .3 .1 .  The 
knowledge  economy mode l  on  t he o ther  hand  does  not  spec i f i ca l l y  
address  the  researcher ’ s  needs f o r  t oo ls  and  serv ices ,  such  as  
cu ra t ion and  p reserva t ion.  
 
Sys tems,  t oo l s  and  app l i ca t ions  w i l l  be  requ i red t o  be  suppor t i ve  o f  
these  var ious  needs .  Th is  ra ises  the  ques t ion  as  t o  whe ther  e-
Research  can  be  imp lemented  successf u l l y  when  on ly  cons ider ing  
those  bas ic  components  o f  e-Research  as  i nd ica ted by P age-Sh ipp,  et  
a l . ,  (2005) .   
 
I t  i s  suggested  here  t ha t  a  more  in t egra ted  approach  i s  needed  t o  
suppor t  t he  va r ious  aspec ts  mak ing  up  t he  e -Research  parad igm.  
Cyber in f ras t ruc tu re ,  t he  equ iva lent  o f  e -Research in  the  USA,  appears  
to  have  looked t owards  a  m ore  in tegra ted  approach  and  i s  d i scussed 
be low.   
 
2 . 2 .3 .3  Cyber i n f rast ruc t ure  Se rv i ces  
Atk ins  (2005)  i n  the  i n t egra ted  Cyber in f ras t ruc tu re  Serv ices  Mode l  
i n tegra ted many aspec t s  h igh l i gh ted  as  fo rm ing  par t  o f  
cyber in f ras t ruc tu re .   
 
F i g u r e  5 :  An  I n t eg r a t ed  C yb e r i n f r a s t ru c t u r e  S e r v i c e s  M o d e l  ( Ad a p t ed  f r o m  
At k i n s ,  2 0 0 5 ) .  
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Accord ing  t o  A tk ins  (2005) ,  t he  base  t echno log ies  mak ing  up 
cyber in f ras t ruc tu re  a re  ne twork ing ,  computa t i on ,  s to rage,  
commun icat ion,  opera t i ng  sys tems and  m idd leware .  
 
The  mode l  h igh l i gh ts  the  need  f o r  ce r ta in  se rv ices  to  a l l ow 
researchers  t o  do  t he i r  work  us ing  the  ICT  in f ras t ruc tu re  e f fec t ive ly .  
These  serv ices  i nd i ca ted by A tk ins  (2005)  i nc lude serv ices  f or  
observa t ion ,  measurem ent  and  co l labora t i on.  A tk ins  (2005)  f u r t her  
h igh l i gh t s  t he  need  f o r  i n t e r f aces and  v i sua l i sa t i on  se rv ices  t o  a l low  
users  to  access  the  necessary too ls  and app l i ca t ions .  
 
Th is  mode l  does  no t  ind i ca te  t he need  f o r  open  access  t o  i n f o rmat ion ,  
as  t he  prev ious  mode ls  d i scussed  in  sec t ions  2 .2 .3 .1  and  2 .2 .3 .2  do.  I t  
h igh l i gh t s  ICT in f ras t ruc tu re  and  computat i on  serv i ces  p rom inent l y ,  
however  does  no t  show i s sues such as  t he  sk i l l s  deve lopment ,  
necessary  f o r  deve lopers  o f  t h is  in f ras t ruc tu re ,  suppor t  s ta f f  and  t he 
researcher  us ing th i s  i n f ras t ruc tu re .  
 
In  o rder  t o  have  a  ho l is t i c  p ic ture  o f  e -Research ,  each  o f  t he  aspects  
h igh l i gh ted  in  the  sec t ions  above,  wou ld  need  t o  be  in tegra ted  in t o  a  
f ram ework ,  wh ich  ins t i t u t ions  cou ld  use  as  a  gu ide  to  the  s t ra tegy 
deve lopm ent  and  implementat i on.  
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2.3  Summary 
Th is  chapte r  h igh l i gh ts  the  need  to  l ook  a t  i n t ang ib le  aspect s ,  
espec ia l l y  i n  te rms  of  br ing ing  abou t  change ,  such as  a  change  leader .  
I t  f u r the r  h igh l i gh ts  tha t  imp lement ing  e -Research br ings  abou t  new 
pa t t e rns  o f  work ,  and  t h is  may requ i re  sk i l l s  development  and t r ans fer .   
 
The  chap te r  i nd i ca tes  tha t  sys tems p lay a  v i t a l  ro le  i n  the  e -Research 
parad igm  and  f ur ther  po in ts  ou t  tha t  more  research  i s  needed  t o  
exp lo re  what  exac t l y  t hose  sys tems are .  I t  i s  f u r t her  h igh l i gh ted  tha t  
s t r uc ture ,  espec ia l l y  i n  te rms  of  l eadersh ip ,  can be  impor tant  to  
implement ing e-Research .  
 
The  chap ter  ends  w i th  a  rev iew of  t he  bas ic  components  o f  e-
Research,  as  desc r ibed  by the  SARIS  p ro jec t  (Page-Shipp ,  et  a l . ,  
2005) ,  as  we l l  as  hav ing  looked in to  t he  m ul t i -d isc ip l i na ry  knowledge  
management  mode l ,  and  the  in t egra ted  cyber in f ras t ruc tu re  m ode l ,  and  
the i r  app l i cab i l i t y  t o  e -Research .  App ly ing  these  mode ls  h igh l igh ted  
the  need  f o r  an  in tegra ted  mode l  compos i te  o f  va r ious  components  
f rom the t h ree  m odels .  
 
Chap te r  3  p rov ides  a  comprehens ive  l i t e ra tu re  rev iew o f  t he  m a jor  
a reas  addressed in  the  inves t iga t ion .  The  chap ter  h igh l i gh ts  t hose  
aspec ts  tha t  authors  i nd ica te  as  be ing  components  o f  the  e -Research 
parad igm.   
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CH APTER 3 :  L ITER ATURE  REV IEW 
W hether  i t ’ s  e- research  i n  A ust ra l ia ,  cyber in f ras t ruc tu re  i n  t he  Uni t ed 
Sta tes ,  t he  gr id  i n  Europe,  o r  e-sc ience  i n  the  Un i t ed  K ingdom ,  a  
t rans fo rm at ion  is  c lea r l y  occur r i ng  i n  research  p rac t ice ,  a  
t rans fo rm at ion  t ha t  w i l l  have  a  pro found  im pac t  on  t he  ro les  o f  
i n f o rmat ion  p ro f ess iona ls  (O ’B r ian,  2005) .  Research i s  becoming  m ore  
mu l t i d i sc ip l i na ry ,  more co l l abora t i ve ,  and more g loba l  (O ’B r ian,  2005) .  
 
The  f o l l owing  sec t ion repor ts  on  a  rev iew of  ava i lab le  l i t e ra tu re  and  
iden t i f i es  var ious  aspects /com ponents  t ha t  au thors ,  re f e r  to  when  
d i scuss ing the e -Research parad igm.  
 
3.1  e -Research In f rast ructure & Systems 
As a  resu l t  o f  advances  in  commun ica t ion  techno logy and  the  in t ernet ,  
d i f f e ren t  networks  o f  works ta t i ons  w i t h  va r ious  capab i l i t i es  have been  
connec ted  t o  each  o ther  to  f orm  d is t r i bu ted comput ing  sys tem s (A l -
Fawa i r ,  2009) ,  fo r  example,  t he  i n te rne t  or  W or ld  W ide  W eb.  Th is  
emergence  o f  d is t r i buted  com put ing  sys tems f orms  t he  bas is  o f  t hose  
components  that  m ake  up  t he  e -Research  parad igm.  K im (2004)  
i nd i cated  that  t he e -Research  parad igm i s  dependant  on  an  e f f ec t i ve  
ICT in f ras t ruc tu re /d i s t r i bu ted  sys tems tha t  need  to  work  t oge ther  i n  an 
in tegra ted way,  w i t h  adequa te  secur i t y  and  perpe tua l  and  pervas ive  
access  ensured .  
 
The  European  S t ra tegy Forum on  Research  I n f ras t ruc tu res  (ESFRI ,  
2008)  ind i ca ted tha t  the  majo r  com ponents  o f  e -Research  
in f ras t ruc tures  a re  commun icat ion ne tworks ,  d i s t r ibuted  g r ids ,  h igh  
per f o rmance  comput ing  f ac i l i t i es  and  d ig i t a l  repos i t o r i es .  These 
components  i n te rac t  w i th  many in t e rdependenc ies  and  as  such  t hese 
components  a re  o f t en  v iewed as  a  f u l l y  i n tegra ted sys tem  (ESFRI ,  
2008 ;  K im (2004) .   
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D is t r ibuted  g r ids ,  as  re fe r red  to  by  t he  ESFRI  (2008)  have  t he  
po ten t ia l  t o  connec t  m i l l i ons  o f  compute rs  f r om a l l  over  t he  wor ld  tha t  
a re  owned by  many d i f f e rent  peop le  and  o rgan isa t ions .  By connec t ing 
a l l  t hese  compute rs ,  essen t ia l l y  one  “huge  and  super -power fu l  
compute r ”  i s  be ing  c rea ted  (South  Af r i can  Nat iona l  G r id ,  2010) .  As  one  
o f  t he f undamenta l  concep ts  o f  e -Research  i s  t o  a l l ow researchers  to  
co l l abora te ,  g r ids  can  be  t he  in f ras t ruc tu re  wh ich  a l l ows  t h i s  
co l l abora t i on .  
 
3.1 .1  Grid Comput ing 
I n  e -Research,  when  d i scuss ing  in f ras t ruc tu re ,  m any au thors  re fe r  to  
g r id  comput ing,  c yber in f ras t ruc tu re  o r  e - in f ras t ruc tu re  (Foste r  and 
Kesse lman,  2004 ;  Ahm ad,  2008;  NRIC,  2006) .  Fos te r  and  Kesse lman 
(1999)  a t tempted  a  def in i t i on  o f  g r id  comput ing.  They wro te  t ha t  a  g r id  
i s  a  hardware  and  sof tware  in f ras t ruc tu re  t ha t  p rov ides  dependab le ,  
cons is t ent ,  pe rvas ive,  and  inexpens ive  access  t o  h igh-end  
computat i ona l  capab i l i t ies .  Pate rson ,  L indsay,  Monot t i  &  Ch in  (2007) ,  
however ,  descr ibe  g r id  comput ing as  a  com put ing  mode l  wh ich uses  
the  resources  o f  many separa te  compute rs  connected  by  a  ne twork  t o  
ob ta in  h igher  l eve ls  o f  computat i ona l  power  and  da ta  process ing .  On 
the  o ther  hand ,  Ahmad (2008)  b roadens  th i s  desc r ip t i on  t o  say  tha t  
g r id  comput ing  is  the  un i t i ng o f  poo ls  o f  se rvers ,  s t o rage  sys tems,  and 
ne tworks  i n t o  a  s ing le  l a rge  sys tem,  t o  de l i ve r  the  power  o f  m u l t i p le  
sys tems resources  t o  a  s ing le  user  po in t  f o r  a  spec i f i c  purpose.   
 
Gr id  comput ing  has  the  po tent ia l  to  p rov ide  on-demand access  to  l a rge  
quan t i t i es  o f  comput ing  power  and  i s  a lso  f ocused  on  la rge  sca le ,  
o f t en  g loba l  comput ing ,  which  m akes  i t  an  enab l i ng  techno logy f or  e -
Research  (Musta fee ,  2010) .  Gr id  in f ras t ruc tu re  i s  beg inn ing  to  
underp in  the  opera t i on  o f  dynam ic ,  v i r t ua l  o rgan izat ions  in  r esearch,  
government  and  bus iness  (NRIC,  2006) .   
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The  bas ic  g r id  t echno log ies /com ponents ,  accord ing  to  t he  Gr idCoord 
Consor t i um (2006)  a re :  
•  g r i d  m idd leware  tha t  enab les  secure ,  au thent ica ted and  accoun tab le  
access ;  
•  g r i d  m idd leware  a rch i tec tu res  f or  robus t ,  res i l i en t  and qua l i t y-o f -
se rv ice based  serv i ces ;  
•  g r i d  app l i ca t i on  techno log ies  (e .g .  b rokerage ,  work  f l ow,  i ndex ing 
e tc ) ;  
•  g r i d  user  access  techno log ies  f or  gr id  r esources (e .g .  po r t a l s ,  
po r t l e t s ,  e tc ) .  
 
Th is  co l l ec t i on  o f  techno log ies  can be  conf igu red  in  d i f f e rent  ways  t o  
se rve  var ious  purposes .  Accord ing  to  Houghton ,  S tee le  &  Henty  
(2003) ,  g r i ds  can  be  con f igu red  depend ing on  t he  t ype  o f  serv ice 
requ i red .  Th is  i s  o f ten  t e rmed,  a  se rv i ce  o r ienta ted  a rch i tec tu re .  They  
fu r t her  i nd i cate  tha t  the re can  be the  f o l l owing  t ypes  o f  g r ids  in  e-
Research:  
•  Comput ing g r ids ;  
•  Da ta  gr ids ;  
•  I ns t rument  g r ids ;  
•  Co l labora t ive  W ork ing  Env i ronm ents ;  and 
•  Coopera t i ve  V isua l i za t ion  Env i ronm ents .  
 
Chha jed ,  Sh inde ,  Jag tap  &  Raskotwar  (2010)  e labora te  on  t hese t ypes  
o f  g r ids  to  i nc lude  mu l t ipu rpose  gr ids ,  where  t he  in f r as t ruc tu re  o f  t h is  
g r id  shou ld  be adap t i ve  enough p rov ide  any o f  t he g r id  mode ls .    
 
Fos ter  and Kesse lm an (2004)  i nd i ca ted t hat  no  m at t e r  what  
techno log ies  make  up  the  g r id  i n f ras t ruc tu re  o r  how i t  i s  conf igu red,  
the  main  goa ls  o f  the  g r id ,  shou ld  be :   
•  The  p rov i s ion  o f  a  f ramework  f o r  u t i l i s i ng  unused computat i ona l  
power  as  we l l  as  unused  s to rage  capac i t y ;  
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•  The  s impl i f i ca t i on o f  co l l abora t ion  be tween d i f f e rent  o rgan isa t ions  
by the  prov is ion o f  d i r ec t  access  to  compute rs ,  sof tware  and  
s torage;  
•  The  p rov i s ion  o f  access  t o  resources  t hat  cannot  be  accessed  
loca l l y  ( known as  “ rem ote resources " ) ;  
•  The  f as te r  execut ion  of  j obs  due  t o  the i r  pa ra l l e l  execu t ion on  
mu l t i p le  resources  (Mu l t i - s i t e  comput ing /Co-a l loca t ion ) .  
 
There  are  many g r ids  g loba l l y .  I n  Aus t ra l i a ,  the  APAC Nat iona l  g r id  
p rov ides  s ing le  s ign  on ,  da ta  shar ing  and  in f ras t ruc tu re  to  researchers  
(Ma loney,  2006) .  The  Aust ra l i an Government  p rov ided  A US29 mi l l i on  
fo r  the  second  phase  o f  t he  APAC gr id  deve lopment  and  in  par t nersh ip  
w i th  i ns t i t u t i ons  such  as  the Aust ra l i an  Cent re  f o r  A dvanced  
Comput ing  and  Comm un icat ions  and  t he  Aus t ra l i an  Na t iona l  Univers i t y  
have  bu i l t  a  power fu l  g r i d  a rch i t ec tu re  t o  f u r ther  e -Research  (Ma loney,  
2006) .  
 
In  t he  UK on  the  o ther  hand ,  the  Par l i amenta ry Of f i ce  o f  Sc ience  and 
Techno logy (2007 )  i nd ica ted  that  two  o f  t he l a rgest  g r ids  i n  t he  UK are  
Gr idPP and  the  NGS.  Gr idPP rece ived  £65m in  f und ing  f rom the 
Sc ience  and  Techno logy Fac i l i t ies  Counc i l ,  t o  run  a  gr id  f o r  par t i c le  
phys ics .  Th is  g r id  i s  made up  o f  17 s i tes  and  over  5000  com pute rs  and 
i s  par t  o f  a  la rger  i n t e rnat iona l  g r id  t hat  w i l l  ana l yse  da ta  f rom 
Europe ’s  next  par t i c le  acce le ra to r ,  the  Large Hadron  Co l l i de r  
(Par l i amenta ry Of f i ce  o f  Sc ience  and  techno logy,  2007) .  The  second  
la rges t  g r id ,  t he NGS is  t he  UK ’s  g r id  f o r  academics  f rom any 
d i sc ip l i ne;  w i th  around  500  users  f rom over  30  ins t i t ut es ,  th i s  g r id  i s  
funded  by t he  J ISC,  wh ich  is  l a rge ly respons ib le  f o r  un ivers i t y  
comput ing (Par l i amenta ry Of f i ce  o f  S c ience  and techno logy,  2007) .   
 
The  Par l i amenta ry O f f i ce  o f  Sc ience  and  Techno logy (2007)  ind i ca ted  
tha t  the re i s  no t  on ly  a  need  f o r  na t iona l  g r id  in f ras t ruc ture ,  bu t  a l so  
p ro jec t  spec i f i c  in f ras t ruc tu re ,  such  as  i s  p rov ided  by  Gr idP P for  
par t i c le  phys ics .  
e - R e s e a r c h :  A n  I m p l e m e n t a t i o n  F r a m e w o r k  F o r  S o u t h  A f r i c a n  O r g a n i s a t i o n s  
 
-  29  -  
 
Sou th  A f r ica  has  a l so  i nvested  in  bu i l d ing  g r id  i n f ras t ruc tu re  and  has  
es tab l ished  the Sou th  Af r i can Nat iona l  g r id .  The  Sou th  Af r i can  
Nat iona l  g r id  i s  a  f ederat i on  o f  resources,  i ns t i tu t es  and  V i r t ua l  
Organ isat ions .  I t  i s  a  p la t f o rm fo r  co l l abora t ion  and  research ,  
p rov id ing  many s erv i ces  to  sc ient i s t s  (Sou th  Af r ican  Nat iona l  G r id ,  
2010) .  Accord ing t o  t he  South  A f r i can Nat iona l  Gr id  (2010) ,  t he  
na t iona l  g r id  f o rm par t  o f  an  e - In f ras t ruc tu re ,  and  p rov ides  suppor t  to  
users  o f  sc ien t i f i c  comput ing  and  co l l abora t i on.  The  d is t r ibu ted 
comput ing f ac i l i t ies  a re  owned,  managed and opera ted  by a  f ederat i on 
o f  un ive rs i t ies ,  na t iona l  l abora tor ies  and  research  g roups ,  i n tegrated  
w i th  a  m idd leware  layer  to  p rov ide  seamless  access  to  a  d i ve rse se t  o f  
research  communi t i es  (South  Af r i can  Nat iona l  G r id ,  2010) .  Th is  p ro jec t  
i s  coord ina ted f rom the  Meraka  I ns t i tu t e ,  as  par t  o f  t he 
cyber in f ras t ruc tu re  p rogramme fo r  Sou th  Af r i ca .  
 
I t  can  be  seen tha t  a  d i s t r i bu ted  com put ing  mode l ,  l i ke  g r id  com put ing  
i s  essen t ia l  to  f ac i l i t a te  e-Research.  Mus ta fee  (2010) ,  however ,  argues  
tha t  a  new mode l  f or  d is t r ibu ted  comput ing  i s  emerg ing ,  ca l l ed  “ c loud 
comput ing ” ,  wh ich  he pos i t s  can a l so  p rov ide  serv i ces  t ha t  a re  
sca lab le  through  on-demand p rov is ion ing  o f  com pute r  r esources.  He  
fu r t her  i nd icated  tha t ,  l i ke  g r id  comput ing ,  c loud  comput ing  ho lds  the  
p rom ise o f  be ing  a  f ac i l i t a t o r  f o r  e -Research.  
 
C loud  Comput ing  i s  h in t i ng  a t  a  f u tu re  i n  wh ich  we won ’ t  com pute  on  
loca l  compute rs ,  bu t  on  cen t ra l i zed f ac i l i t i es  operated  by t h i r d -par ty  
compute  and  s to rage  u t i l i t i es  (Foste r ,  Zhao ,  Raicu  & Lu ,  2008) .  There 
appears  t o  be  l i t t le  consensus  on  how to  def ine c loud  comput ing .  
Fos ter ,  et  a l . ,  ( 2008:  1 )  however ,  i nd i ca te  tha t  c loud  comput ing  can  be  
desc r ibed as :   
 
“A  large-sca le  d i s t r i bu ted  comput ing  parad igm tha t  i s  d r i ven by  
economies  o f  sca le ,  i n  wh ich a  poo l  o f  abs t rac ted v i r tua l i zed ,  
dynamica l l y -sca lab le ,  managed comput ing power ,  s t o rage ,  p la t fo rms,  
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and serv i ces  a re  de l i ve red  on  demand to  ex te rna l  cus tomers  over  t he  
In te rnet ” .  
 
Cloud  com put ing i s  a  re la t i ve l y  new techno logy and  accord ing  to  
Myerson  (2009)  t o  ge t  c loud  comput ing  t o  work ,  t h ree  t h ings  a re  
needed :  th in  c l i en ts ,  g r i d  comput ing and  u t i l i t y  comput ing.  Myerson  
(2009)  f ur ther  i nd i cated  t hat  w i t h  g r id  comput ing ,  one  can  p rov i s ion  
comput ing  resources  as  a  u t i l i t y  tha t  can  be tu rned  on o r  o f f ,  wh i le  
c loud  comput ing goes  a  s tep  fu r t her  w i t h  p rov i s ion ing  resources  on-
demand.  Sundaram  (2010)  agrees  wi t h  Myerson  (2009)  and  e labora tes  
fu r t her  to  say i t  i s  qu i te  f eas ib le  to  have  a  c loud  w i t h in  a  
computat i ona l  g r id  o r  have a  computa t i ona l  g r id  as  a  par t  o f  a  c loud .   
 
W hether  g r id  o r  c loud  comput ing  i s  used  as  t he  base in f ras t ruc tu re ,  or  
whe ther  a  combina t ion o f  t he  two  mode ls  i s  used ,  both  t hese  
techno log ies  re l y  on  connec t iv i t y  and  as  such  ne tworks  p lay an 
impor tant  ro le  i n  bu i l d ing  g r id  a rch i t ec ture ,  to  enable  e -Research .  
 
3.1 .2  Networks 
 
The  presence o f  a  robus t  communica t ions  network  i s  f undam enta l  to  
research  endeavours  (NRIC,  2006) .  Mos t  deve loped  coun t r i es  are  
i nvest ing  i n  upgrad ing  t he i r  research  and  educa t ion  ne tworks  (NRIC,  
2006) .  Coun t r i es  such as  t he  UK and  Aust ra l i a  have  made vas t  
i nvestments  t o  improve ex i s t i ng ne tworks  to  a l l ow e -Research.   
 
I n  Aust ra l i a  and t he  UK,  va r ious  ne tworks  make  up  the  network  
i n f ras t ruc ture  to  p rov ide  e -Research  capab i l i t i es .   Bo th  A ust ra l i a  and  
the  UK have Research  and  Educa t ion  Networks .  I n  Aust ra l i a ,  t he 
ne twork  is  common ly  re fe r red  to  as  AREN,  wh i le  i n  the  UK i t  i s  ca l l ed 
Jane t  (Aus t ra l i an Governm ent ,  2006 ;  J ISC,  2011) .  
 
The  A ren  ne twork  l i nks  ma jo r  met ropo l i t an c i t i es ,  mos t  un ive rs i t i es ’  
ma in  campuses,  and  a  l i nk  ac ross  t he Pac i f i c  i n te rconnec t ing  w i t h  
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o ther  h igh-speed academic  and  research  networks  i n  t he  US and  
th rough  them wi th  Europe  and  Japan  (A us t ra l i an  Governm ent ,  2006) .  
The  Aus t ra l i an  Government  has  invested  more  t han $80  m i l l i on  i n  t h is  
ne twork ’ s  deve lopment  and  improvem ent  (Aust ra l i an  Governm ent ,  
2006) .   
 
Accord ing  to  t he P la t f o rms  f or  Co l l abora t i on  (2010) ,  t he ex i s t i ng  
ne twork  i nf ras t ruc tu re  f o r  research  i s  i nsuf f i c ient ,  spec i f ica l l y  i n  
connec t ing  cer t a in  reg iona l  a reas .  They f u r ther  i nd i ca te  t ha t  f or  e-
Research  to  be  t ru l y  e f f ec t i ve ,  more  investm ent  wi l l  be  requ i red  t o  
improve  connec t i v i t y  i n te rna t iona l l y .  As  shown in  F igure  6  be low,  m any  
reg iona l  a reas  a re  no t  connec ted  to  the  A ren  ne twork .  No  ind i cat i on 
cou ld  be  f ound  t ha t  t he  ne twork  i n f ras t ruc tu re  in  Aust ra l ia  has  
changed vast l y  s ince  the  pub l ica t i on  by Sargen t  (2002) .  
 
 
F i g u r e  6 :  C o n c e p t u a l  Ar e n  B a c kb o n e  ( S a r g e n t ,  2 0 0 2 )  
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In  the  UK,  the  ma in  network  in te rconnect ing  the  ma in  c i t i es  is  
common ly re fe r red  to  as  Jane t .  Jane t  (UK)  i s  government  f unded ,  w i th  
the  p r imary a im  of  p rov id ing  and  deve lop ing  a  ne twork  i n f ras t ruc tu re  
tha t  meets  t he  needs  o f  t he  educa t ion  and  research  commun i t ies .  I t  
connec ts  t he  UK ’s  educa t ion  and  research o rgan isa t ions  t o  each  o ther ,  
as  we l l  as  t o  t he res t  o f  the  wor ld  t h rough  l i nks  t o  the  g loba l  In t erne t .  
In  add i t i on,  Jane t  i nc ludes  a  separa te  ne twork  tha t  i s  ava i l ab le  to  t he 
commun i t y  f o r  exper imenta l  ac t i v i t i es  i n  ne twork  deve lopment .   
 
The  Jane t  ne twork  connect s  UK  un ive rs i t i es ,  FE  Co l leges ,  Research  
Counc i l s ,  Spec ia l i s t  Co l l eges  and  A dul t  and  Commun i ty  Learn ing  
p rov iders  ( Janet ,  2010) .  I t  a l so  prov ides  connect ions  be tween t he  
Regiona l  B roadband Consor t i a  to  f ac i l i t a t e  t he Depar tment  f or  
Educat ion  and  Sk i l l s  i n i t i a t i ve  f o r  a  na t iona l  schoo ls ’  ne twork  (Jane t ,  
2010) .  Janet  a lso b r ings  toge ther  reg iona l  ne tworks  such  as  C lydene t ,  
the  C lyde  a rea  ne twork  and  N i ran ,  t he  Nor thern  I re land  Reg iona l  A rea  
Network .  
 
F i g u r e  7 :  S u p e r J a n e t 4  B a c k b o n e  ( H e y  a n d  T r e f e t h e n ,  2 0 0 3 )  
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Accord ing  to  the  Aust ra l i an  Government  (2006) ,  t he ex i s t i ng  ne twork  
i n f ras t ruc ture  f o r  research  i s  i nsuf f i c ient  spec i f i ca l l y  i n  connec t ing  
cer t a in  reg iona l  a reas .  The  f ocus  o f  bu i l d ing ne tworks  was  on  
connec t ing  ma jo r  c i t i es .  However ,  i n  t he  UK,  i t  was  f ound  tha t  m any  
reg iona l  ne tworks  were  es tab l i shed  ear l y  on  in  the  deve lopment  o f  e-
Sc ience  (Jane t ,  2010) .  However ,  i ns t i tu t i ons  were  no t  a l l  f u l ly  
i n tegra ted,  due  to  the  lack  o f  nat iona l  and  in t erna t iona l  ne tworks .  
F rom  the  UK and  Aust ra l i an  exam ples  i t  can  be  seen  tha t  bo th  reg iona l  
ne tworks  and  in te r - ins t i t u t i ona l  ne tworks ,  f or  example  l i nk ing  a l l  
un ive rs i t ies  i n  a  reg ion t ogether ,  wh ich t hen connec t  to  a  nat iona l  
ne twork ,  may be necessary t o  enab le  e -Research .  As  shown in  F igure 
8  be low.  
 
 
F i g u r e  8 :  U K  R eg i o n a l  a n d  Na t i o n a l  N e t w o r k  Ar c h i t e c t u re  ( S a r g e n t ,  2 0 0 2 )  
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Ne tworks  t o  f ac i l i t a t e  e -Research shou ld  have  h igh  bandwid th ,  l ow 
la tency and  low j i t t e r  (Aus t ra l i an  Government ,  2006) .  They must  a lso  
be  re l i ab le ,  suppor t  mob i l i t y ,  be  connec ted  t o  l oca l  commun i t i es  and 
in te ropera te  w i t h  i n t e rna t iona l  peer  ne tworks  (Aust ra l i an  Government ,  
2006) .   
 
One  of  t he  t echn ica l  cha l l enges  t o  be  overcome re la t i ng  to  ne tworks ,  
i s  t he  ab i l i t y  t o  enab le  research  teams to  const ruc t  ‘ v i r t ua l  research  
env i ronments ’  on  dem and,  and  adapted  t o  par t i cu la r  p ro jec ts  
(Aust ra l i an  Government ,  2006 :  32) .  In  t h i s  regard ,  V i r t ua l  P r iva te  
Ne tworks  w i l l  become inc reas ing ly im por tant  as  co l l abora t i ve  research 
methods  inc rease (Aus t ra l i an  Government ,  2006) .  Th is  r equ i res  that  
components  o f  the  e -Research in f ras t ruc tu re  and  researchers  can  
in te ropera te  w i th  one  ano ther ,  wh ich  i s  usua l l y  perm i t ted  t hrough  
ne twork  i n f r as t ruc tu res .  
 
In  South  A f r ica ,  the  Nat iona l  Research  and  Educa t ion  Network  
(SANReN)  was  es tab l i shed  t o  l i nk  a l l  ma jo r  met ropo l i tan  c i t i es ,  l i ke  
Johannesburg ,  Cape  Town and  D urban  t oge ther  (SANReN,  2011) .  I t  
was  f ound  t hat ,  l i ke  the  UK and  A us t ra l i a ,  a l l  met ropo l i t an  c i t ies  have 
been  l i nked  t o  a  h igh  speed  backbone ne twork .  SANReN (2011)  has  
w i th in  t hese  c i t ies  f u r ther  es tab l i shed  a  sm a l le r  ne twork ,  l i nk ing  
research  and  educa t ion  ins t i tu t i ons  toge ther  ( i n t e r - i ns t i t u t i ona l  
ne tworks ) .   
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F i g u r e  9 :  S o u t h  Af r i c a n  N a t i o n a l  R e s e a r c h  an d  E d u c a t i o n  N e tw o r k  ( W r i g h t ,  
2 0 1 0 )  
 
SANReN forms  the  backbone  f o r  connec t i v i t y  i n to  t he  res t  o f  A f r i ca  
and ac ross  the  wor ld ,  l i nk ing  S outh  Af r i ca  to  research  and  educa t ion  
ne tworks  g loba l ly  (SANReN,  2011) .  Th is  p ro jec t  i s  be ing  f unded  by t he 
Depar tment  o f  Sc ience  and  Techno logy (DST) ,  th rough  t he  CSIR 
Meraka  Ins t i t u te  (Sou th Af r i can Nat iona l  G r id ,  2009) .  
 
Accord ing  t o  many au thors ,  networks  a lone  a re  no t  suf f i c ient  f or  
bu i l d ing  g r id  capab i l i t i es  i n  count r i es  (B ur ton,  2007 ;  Sargent ,  2006;  
ESFRI ,  2008) .  Bur t on  (2007)  i nd i cated  t ha t  some of  the e lements  o f  e-
Research  in f ras t ruc tu re  a re  we l l - known and  we l l -es tab l ished .  One of  
these  e lements ,  accord ing  t o  Bur ton  (2007) ,  i s  h igh  per f o rm ance 
comput ing f ac i l i t ies .  
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3.1 .3  High Per formance Computing 
 
The  dem and f o r  h igh  per f o rmance comput ing  sys tems wi th  inc reased  
capac i t y  and  capab i l i t i es  has  been t rad i t i ona l l y  dr i ven  by  the  need to  
mode l  and  s imula te  complex  natura l  sys tems and  p rocesses  in ,  f o r  
example ,  chem is t ry ,  phys ics ,  b io logy,  geo logy and t he  env i ronment  
(NRIC,  2006) .  There  a re  an  inc reas ing  number  o f  users / researchers  for  
whom access to  la rge-sca le  data  is  an  essen t ia l  r equ i rement  o f  t he i r  
research.  They a re  o f t en  concerned w i th  data  p rocess ing  t echn iques  
such  as  search ing ,  f i l t e r i ng ,  compar ing ,  m in ing  and  pa t t e rn  d i scovery  
(NRIC,  2006) .   
 
To  meet  these  requ i rements ,  researchers  now need  access  to  power fu l  
h igh  per f o rm ance comput ing  capac i t y ,  mass  data  s to rage  sys tems,  
i n te rac t ive  v isua l i za t i on sys tems and  h igh  capac i t y  commun ica t ion 
serv ices  (NRIC,  2006) .  They requ i re  se rv ices  such  as  g r id  com put ing  
and access  t o  da tabases  tha t  make  inc reas ing ly more  ex tens ive  use  o f  
h igh  per f o rm ance comput ing  fac i l i t i es  i n  a  co l l abora t i ve  env i ronment  
(NRIC,  2006) .  Consequent l y ,  t he  demand f o r  h igh  per f o rmance  
comput ing can be expected t o  i ncrease  over  t ime.   
 
W hen inves t ing  in  h igh  per f o rmance  comput ing  sys tems,  t he  (ESFRI ,  
2008)  h igh l i gh t s  t ha t  the re  is  a  f undam enta l  d i f fe rence  between 
capac i t y  and  capab i l i t y  i n  t e rms  of  comput ing  resources .  W hi le  g r id  
i n f ras t ruc ture  meets  t he  needs  fo r  capac i t y ,  a  d i f f e ren t  aspec t  i s  
capab i l i t y  comput ing .  In  th is  case ,  no t  on ly  the  power  and /o r  t he  
number  o f  p rocessors  a re  re levan t  as  i n  g r id ,  but  a l so  t he sys tem 
arch i tec tu re  and  espec ia l l y  t he  s i ze  o f  the  core  memory  and  t he  
th roughpu t  bandwid th  between the  comput ing eng ine  and  the memory  
a re  o f  v i ta l  impor tance  f or  per f o rmance .   
 
In  Aust ra l i a ,  a  number  o f  h igh  per f o rmance com pute r  cent res  have  
been  es tab l i shed,  a l l  connec ted  t o  the  research  network  (Aust ra l i an  
Research  Counc i l ,  2004) .  These f ac i l i t i es  i nc lude :  l a rge  computer  
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c lus ter s  i n  Canber ra ,  m anaged by  Aust ra l i an  Par tnersh ip  f or  A dvanced  
Comput ing  (APAC) ;  i n  Me lbourne ,  m anaged by  V ic tor ian  Par tnersh ip  
fo r  Advanced  Comput ing  (VPA C) ;  i n  S ydney,  managed by Aus t ra l ian  
Cent re  f o r  A dvanced  Comput ing  and  Commun ica t ions  (ac3) ;  in  
B r isbane ,  managed by  Queens land  Para l l e l  and Supercomputer  
Fac i l i t i es  (QPSF) ;  and  a  number  o f  sm al le r  com pute r  se rver  
i ns ta l l a t ions  such  as  i n  un ive rs i t i es  (Aus t ra l i an  Research Counc i l ,  
2004) .  Many o f  these  comput ing  f ac i l i t i es  a re  networked  and  t herefo re  
can  p rov ide  d i s t r i buted  com put ing  capab i l i t y .  Accord ing  to  t he  
Aust ra l i an  Research  Counc i l  (2004) ,  i t  i s  im por tant  tha t  as  many such  
h igh  per f o rmance com put ing  f ac i l i t i es  as  poss ib le  be  ava i l ab le  t o  
se rv ice  researchers ’  inc reas ing advanced  comput ing needs .    
 
W hi le  i n  Aus t ra l ia  f ocus  has  been  on  es tab l i sh ing h igh  per f o rmance  
comput ing  cen t res  ac ross  d i f f e ren t  s t a tes ,  w i th in  the  UK focus  has  
been  on  bu i l d ing  Hec to r .  Hec to r  i s  t he  UK 's  l a rges t ,  f as tes t  and  mos t  
power fu l  supercompute r  (Hector ,  2007) .  I t  i s  capab le  o f  over  470  
“m i l l i on  m i l l i on ”  ca l cu la t i ons  a  second,  wh ich  is  over  68 ,000 
ca lcu la t i ons  a  second  f o r  every man,  woman and  ch i l d  on  Ear th  
(Hecto r ,  2007) .  I t  a lso  has  one Pe tabyte  o f  d i sk  space  f o r  s to r ing  da ta .  
Funded  by UK Research  Counc i ls ,  and  opera ted  by var ious  ins t i tu t i ons  
appo in ted  by the  UK Research  Counc i l  (Hecto r ,  2007) .  
 
Hec to r  a l l ows  researchers  i n  t he  UK to  tack le  t oday ' s  b igges t  sc ient i f i c  
and eng ineer ing  cha l l enges.  Ac t iv i t i es  t ha t  r e l y  on  modern  h igh-end  
comput ing  t oo ls  and  t echn iques  inc lude :  f o recast ing  c l im ate  change ,  
des ign ing  new l i f e -sav ing  d rugs ,  cons t ruc t i ng  safe r  a i rc ra f t s ,  
p red ic t i ng  na tu ra l  d isas te rs ,  and  unders tand ing how complex  b io log ica l  
sys tems work  and deve lop (Hecto r ,  2007) .  
 
L i ke  the  UK,  S outh  Af r i ca  has  f ocused on  deve lop ing  one  s i t e  f o r  h igh  
per f o rmance  comput ing ,  t he  Cent re  f o r  H igh Per fo rmance  Comput ing 
(CHPC,  2010)  i n  Cape  Town.  In  2009 ,  the  cen t re  l aunched  “Sun  
Cons te l l a t ion  Sys tem”  wh ich  is  p roud l y l i s t ed as  the  f as tes t  
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supercompute r  i n  A f r i ca  (CHPC,  2010) .  Through  t he  use  o f  t h i s  sys tem 
the  CHP C a ims to  “enhance  s ign i f i can t  r esearch ,  address  g rand  
cha l l enges ,  and  g row com puta t iona l  r esearch”  (CHP C,  2010) .  Th is  
p ro jec t  i s  be ing  f unded  by  the  Depar tment  o f  Sc ience  and  Techno logy 
(DST) ,  t h rough t he  CSIR Meraka I ns t i tu t e  (CHP C,  2010) .  
 
F rom  the  l i t e ra ture  rev iewed in  sec t ions  3 .1 .1  t o  3 .1 .3 ,  the  var ious  
au thors  have h igh l igh ted  tha t  poss ib l y  some of  the bas ic  components  
mak ing  up  the  e -Research  f ram ework ,  wou ld  i nc lude  ne tworks  and  h i gh  
per f o rmance comput ing ,  as  shown in  F igure  10 be low.  
 
 
F i g u r e  1 0 :  Ba s i c  I C T  I n f r a s t r u c t u r e  f o r  e - R e s e a r ch  
 
Advanced  ICT  o r  g r id  i n f r as t ruc ture  com pr ises  more  than  compute r  
hardware ,  assoc ia ted  sof tware  and  t e lecommun icat ions  ne tworks  tha t  
a re  used  in  s t andard  o f f i ce  env i ronments .  I n  par t i cu la r ,  i t  i nc ludes a  
new leve l  o f  so f tware  t oo ls  and serv ices ,  co l l ec t i ve l y  t ermed 
‘m idd leware ’ ,  t hat  l i nk  the  ICT  resources  that  users  need  (Aus t ra l i an  
Government ,  2006) .  
 
3.1 .4  Midd leware 
A ma jo r  deve lopm ent  o f  gr i d  comput ing  has  been  t he deve lopment  o f  
m idd leware ,  the commun icat ions  layer  t ha t  a l l ows  app l i ca t ions  t o  
i n te rac t  ac ross  hardware and  ne twork  env i ronments  (Pate rson,  et  a l . ,  
2007) .  The  g r id  m idd leware  i s  sof tware  t ha t  p rov ides  s tandard  
commun i t y  too l s  and  serv ices  fo r  knowledge  m anagement ,  knowledge  
shar ing ,  co l l abora t i on  and  in te roperab i l i t y  be tween app l ica t i ons ,  
comput ing  resources ,  i ns t i t u t i ons  and  ind i v idua ls  ac ross  t he  g r id  
(DSTC,  2004;  Byeon ,  Kwon,  Dunn ing ,  Cho & Savoy-Navar ro ,  2009) .   
e - R e s e a r c h :  A n  I m p l e m e n t a t i o n  F r a m e w o r k  F o r  S o u t h  A f r i c a n  O r g a n i s a t i o n s  
 
-  39  -  
 
The  g r id  i n f r as t ruc tu re  is  bu i l t  w i t h  th i s  set  o f  g r i d  m idd leware ,  wh ich 
work  t oge ther  t o  p rov ide  t ransparen t  resource  shar ing  env i ronment  fo r  
upper  app l i ca t i on  (L i ,  Yang ,  J iang  &  Sh i ,  2006) .  Midd leware  a l l ows  
researchers  and  app l i ca t i ons  to  t rea t  t he  da ta  repos i tor ies ,  comput ing ,  
and o ther  d i sparate  resources  as  i f  t hey were  one  la rge  v i r t ua l  f ac i l i t y .  
There  have  been  many d i s t i ngu ished  m idd leware  p la t f orms,  such as  
G lobus  Too lk i t s  (Fos ter  &  Kesse lman,  1999)  and  Leg ion  (G r imshaw,  
W ul f ,  &  James ,  1994)  amongst  o thers .  The  success  o f  t hese  p la t f orms  
makes  i t  poss ib le  t o  bu i l d  new gr id  i n f ras t ruc tu re  fo r  w ider  resource  
shar ing  (L i ,  et .  a l . ,  2006) .  
 
A  number  o f  l a rge ‘p roduc t ion -o r ien ta ted ’  p ro jec ts  a round  the  wor l d  
a re  deve lop ing  and  dep loy ing  m idd leware  (DSTC,  2004) .  These  a re  
coopera t ing  under  the  ausp ices  o f  the G loba l  G r id  Forum to  harmon ise 
the i r  deve lopments  and  enab le  gr id  in t e roperab i l i t y  (DSTC,  2004) .  
Accord ing  to  the  DSTC (2004) ,  t he goa l  i s  t o  c reate  an  opera t iona l  g r id  
i n f ras t ruc ture ,  capable  o f  suppor t i ng  coopera t ion  by mu l t i -na t i ona l  
research  teams.  A  s ign i f i cant  ach ievement  i s  t he  G lobus  Too lk i t ,  a  key  
component  o f  most  p roduc t ion  g r ids  (DS TC,  2004 ;  Byeon,  et  a l . ,  2009) .  
Byeon ,  et  a l . ,  (2009)  i nd i cated tha t  t he  G lobus  Too lk i t  i s  used  t o  
cons t ruc t  bas ic  g r id  m idd leware  serv ices  such  as  p rogram execu t ion 
and f i le  t r ans fe r .  
 
Many cur ren t  e -Research p ro jec ts ,  i n  A us t ra l ia ,  t he  UK and  
in te rna t iona l l y ,  a re  be ing  unde r taken  by  t eams work ing  large ly  
i ndependent l y .  However ,  many o f  t hese  p ro jec ts  cou ld  have  common 
m idd leware  needs .  Accord ing  t o  S argen t  (2006) ,  t hey  a l l  requ i re  
seamless  access t o  e -Research  resources in  o rder  to  access  t he  
serv ices  o f fe red by those  resources .  
 
In  Aus t ra l i a ,  the  Midd leware  Ac t ion  P lan  and S t ra tegy  (MAPS)  Pro jec t  
was  es tab l i shed  to  gu ide  researchers ,  un ive rs i t i es  and  o ther  research  
ins t i t u t i ons  i n  the  adop t ion  o f  a  common m idd leware  s t ra tegy,  
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s tandards  and  t oo ls  (S argen t ,  2006) .  I n  the  UK,  t he  same was  done  
th rough  the  es tab l i shment  o f  the  Open Midd leware  In f ras t ruc tu re  
Ins t i tu t e .   
 
Accord ing  to  the  DSTC (2004) ,  t he  UK e-Sc ience  in i t i a t i ve  is  
compos i t e  o f  t h ree  m a in  components ,  
1 .  An Open Midd leware  In f ras t ruc tu re  Ins t i tu t e  (OMI I ) ;  and,  
2 .  A  Gr id  Suppor t  Cen t re  (GSC).  
3 .  A  num ber  o f  Reg iona l  Cen t res  
The  OMII  and  GS C work  i n  c lose  par tnersh ip  t o  fac i l i t a te  t he  
acqu is i t i on ,  coord ina t ion,  deve lopment  and  in t egra t i on  o f  t he  
m idd leware  requ i red  by e -Research  commun i t i es  and  t o  suppor t  p i l o t  
p ro jec ts  and  commun i t i es  i n  t he Reg iona l  Cent res  wh ich  use  t he  
m idd leware  and  Gr id  env i ronments ,  w i th in  t he  UK (DSTC,  2004) .  Th is  
cou ld  a lso  poss ib ly  work  in  t he Sou th  Af r i can contex t .  
 
The  DSTC (2004)  e labora tes  on  t he  var ious  m idd leware  deve lopments  
tak ing  p lace  and  ind i ca te  t hat  m idd leware  can  be  c lass i f i ed  i n to  t h ree  
ma in  categor ies ,  be ing :  
•  G r id  Serv ices /Resource  Management  m idd leware ,  wh ich  inc ludes  t he 
Open g r id  Serv ices  I n f ras t ruc tu re  (OGSI ) ,  p rov ides  essent ia l  access,  
commun icat ion,  account ing ,  secur i t y ,  t r us t ,  and  co-o rd ina t ion 
serv ices  be tween t he  computat i ona l  and  da ta  resources  o f  the  g r id  
and  the h igher - l eve l  se rv i ces  t hat  use  t hem.   
•  Knowledge  Management  (K M)  m idd leware  p rov ides  too ls  and 
serv ices  tha t  enab le  t he  index ing ,  ar ch iva l ,  d i scovery,  ana lys i s ,  
i n t egra t i on ,  management  and  p reserva t ion  o f  l a rge hete rogeneous  
d is t r ibu ted da ta  repos i t o r i es  and d ig i ta l  a rch ives .   
•  Co l l abora t ive  m idd leware  p rov ides  t oo ls  and  serv i ces  to  suppor t  
fo rm a l  and in fo rm al ,  rea l - t ime  and  o f f l i ne  co l labora t i ve  ac t i v i t i es  
between remote ly  l ocated  researchers ,  research commun i t i es ,  and  
resources  (dynamic ,  sca lab le  v i r tua l  o rgan iza t ions ) .  
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W hi le  the  DSTC (2004)  i ncorpora tes  i n  i t s  desc r ip t i on o f  m idd leware ,  
ce r t a in  t oo l s  f o r  co l l abora t i on ,  co l labora t i on  i s  cen t ra l  to  t he need  f o r  
e -Research,  and  as  such,  i s  addressed  as  a  se t  o f  too l s  on  i t s  own as  
we l l  as  be ing  a  par t  o f  the  m idd leware .  
 
E-Research in f ras t ruc ture  has  been conceptua l ised  la rge ly  due t o  
i nc reas ing  vo lumes  of  da ta  o r  t he  “da ta  de luge” ,  and  as  such,  Sargen t  
(2002)  and  W i lbanks  (2009)  i nd i cated  t hat  manag ing  t h i s  da ta  
e f f ec t ive ly  i s  essen t ia l  to  suppor t i ng  the  f u l l  cyc le  o f  research 
endeavours ,  f rom research concep t  f o rmu la t i on  and  scop ing,  t o  t he  
research ac t i v i t y  i t se l f ,  t o  the  d issem inat ion o f  the  research resu l t s .  
 
3.2  Managing Data,  In format ion  and Know ledge 
Large-sca le  e -Research  env i ronments  have  to  dea l  w i th  numerous  
cha l l eng ing  and  c ruc ia l  da ta  management  i ssues (F io re  and  A lo is io ,  
2011 ;  W i lbanks ,  2009) .  Appl i ca t ion  domains  where  da ta  management  
i s  becoming  more  and  m ore  cha l l eng ing  span  among o thers ,  H igh 
Energy Phys ics ,  Ear t h  and  Env i ronmenta l  Sc iences ,  B io in f o rmat ics ,  
As t ronomy and  As t rophys ics  (F io re  and  A lo is io ,  2011) .  
 
Accord ing  t o  many au thors  (Androu lak i s ,  et  a l . ,  2009 ;  W i lbanks ,  2009  
&  P aras ta t i d is ,  2009) ,  t he  need  f o r  the  da ta  m anagement  i n f ras t ruc tu re  
i s  be ing  fe l t  ever  more acute ly  i n  the  e -Research  commun i t y  due  to :  
•  The quan t i t y  o f  sc ien t i f i c  data  i nc reas ing  exponen t ia l l y ,  cha l l eng ing 
researchers  t o  keep  t r ack  o f  i t  a l l ;  
•  Th is  l a rge  quan t i t y  o f  e lec t ron ic  data  c rea t ing  new cha l l enges  f or  
co l l abora t i on ;  
•  Much  g rea te r  expec ta t i ons  p laced  on  on l i ne  pub l i sh ing  o f  da ta  and 
ver i f iab i l i t y  o f  exper iments ;  
•  Concerns  abou t  secur i t y  and p r i vacy i n  many d i sc ip l i nes  o f  e -
research;  and 
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•  A  s ign i f i cant  push  to  s t ream l ine  t he  work f l ows  o f  e - research  by  
p rov id ing  cen t ra l i sed ,  pers is ten t ,  and  re l i ab le  s t o rage .  
 
Through  the  use  o f  t echno logy and au tomat ion ,  i ns t i t u t i ons  a re  t r y ing  
to  keep  up  w i t h  the  cha l lenges  o f  t he  “da ta  de luge”  (W i lbanks,  2009 ;  
Paras ta t i d i s ,  2009) .  Paras ta t i d is  (2009)  i nd i cated  tha t  com pute rs  and  
sof tware  have  become ef f i c ien t  a t  s t o r ing,  manag ing ,  i ndex ing and  
comput ing data .  Sargent  (2002)  f u r t her  i nd ica ted  t hat  da ta  
management  needs  o f  researchers  were  iden t i f ied  as  be ing  com pr i sed  
o f :  
•  da ta  co l l ec t i on and  genera t ion;  
•  da ta  s to rage and  the  phys ica l  m anagement  o f  s to red  da ta ;  
•  evo lu t i on  o f  s t andards  and  p ro toco ls  to  f ac i l i t a t e  the  s to rage ,  use 
and  in te rp re ta t i on o f  da ta ;  
•  access  t o  da ta ;  
•  Long- te rm  arch iva l  and  p reservat ion  o f  da ta  and  po l ic y f or  r e ta in ing 
and  d i scard ing  o f  da ta .  
 
ICT  can  ass i s t  in  meet ing  the  needs  o f  researchers ,  espec ia l l y  i n  
te rm s  of  s to rage  and  t rans f er .  P aras ta t i d is  (2009) ,  however ,  ind i ca ted  
tha t  we  a re  a  l ong  way  f rom  hav ing  com pute r  sys tems that  can 
au tomat ica l l y  d i scover ,  acqu i re ,  o rgan ise ,  ana lyse ,  co r re la te  and 
in te rp re t  la rge  vo lumes of  data ,  espec ia l l y  on  a  g loba l  sca le.  
 
To  address  these  da ta  management  needs ,  t he  A us t ra l i an  Government ,  
v ia  t he  Depar tment  o f  Educat ion ,  Sc ience  &  Techno logy,  es tab l ished  
the  A rcher  p ro jec t  (Androu lak is ,  et  a l . ,  2009) .  The  A rcher  pro jec t  has  
p roduced  a  su i te  o f  t oo ls ,  deve loped  jo in t l y  w i th  un ivers i t i es  in  
Aust ra l i a ,  to  a ss i s t  r ese arche rs  i n  co l l ec t in g ,  manag ing ,  s to r ing ,  
co l l abo ra t i ng  on ,  and  pub l i s h ing  s c ien t i f i c  da t a  (Androu lak i s ,  et  a l . ,  
2009) .   
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S im i la r l y ,  i n  the  UK,  t he e-Sc ience  Data Managem ent  G roup  was  
es tab l ished  to  p rov ide  an  improved  f ramework  f o r  da ta  management ,  
cu ra t ion  and  p reservat ion  (Sc ience  &  Techno logy Fac i l i t i es  Counc i l ,  
2010) .  Research i s  be ing  done  by bo th  the  e -Sc ience  Data 
Management  G roup  in  the  UK and  by the  A rcher  P ro jec t ,  i n to  
metada ta ,  da ta  access  t echnolog ies ,  secur i t y  o f  da ta ,  secur i t y  
a rch i tec tu res ,  and  var ious  o ther  aspec ts  o f  data  management ,  such as  
cu ra t ion  (Androu lak i s ,  et  a l . ,  2009 ;  S c ience  &  Techno logy  Fac i l i t i es  
Counc i l ,  2010) .   
 
Parasta t i d i s  (2009)  i nd i ca ted  t ha t  the  p r imary  f ocus  o f  the  cur rent  
techno log ies  addresses on ly the  f i rs t  pa r t  o f  t he da ta - in f o rmat ion-
knowledge-wisdom spect rum.  W hi le  techno log ies  a re  f ocus ing  on  data  
and in f o rm at ion management ,  Paras ta t i d i s  (2009)  i nd i cated tha t  
knowledge  m anagement  i n  re la t i on  t o  e-Research  i s  becoming  m ore  
impor tant ,  i n  o rder  t o  ac t  as  a  f ounda t ion  f o r  a  genera t ion  o f  
knowledge-dr i ven  serv i ces  and  app l i ca t i ons .  He f ur t her  h igh l i gh ts  t he  
need  f or  knowledge  o r ien ta ted  research  in f ras t ruc tures ,  espec ia l l y  i n  
l i gh t  o f  t he  f ac t  that  count r i es  a re  us ing  these  in f ras t ruc tu res  i n  t he  
hope  of  bu i l d ing  knowledge-based  economies.  
 
Mohamed (2007)  i nd i cated  that  e-Research  in f ras t ruc tu re  bu i l ds  on 
g r id  comput ing,  i n  tha t  i t  bu i l ds  a  knowledge  env i ronm ent  th rough  t he  
add i t i on  o f  h igher  mechan isms  t o  f ac i l i t a t e  knowledge  ass im i la t i on,  
t rans fo rm at ion ,  mob i l i za t i on ,  and  shar ing .  He  f u r t her  i nd i ca ted tha t  t he  
focus  o f  m any  coun t r ies  was  on  g round-b reak ing  co l l abora t ive  
d i scover ies  and  g r id  comput ing,  wh i le  improv ing  ne twork  speeds ,  
s to rage  capac i t y  and  th roughpu t  o f  sys tems.  He  ind i ca ted,  however ,  
tha t  aspec ts  such  as  knowledge  m anagement  have  no t  been  in  t he 
fo re f ron t .  Mohamed (2007)  does ,  however ,  ind i ca te  t ha t  t he  
components  o f  e -Research  go  a  l ong  way  towards  bu i l d ing  
in f ras t ruc ture  f o r  mob i l i s i ng  knowledge  in  t he  g loba l  knowledge-based  
economy.  
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In  t erms of  Da ta ,  In f o rmat ion and  Knowledge  Management ,  authors  
h igh l i gh t  t hree  ma in  aspec ts ;  t ha t  o f  s t orage o f  i n fo rm at ion  –  d ig i t a l  
repos i to r ies ,  hav ing  access  to  in f o rmat ion  t o  enab le  research ,  and 
d ig i t a l  cu ra t i on  and  p reserva t ion  o f  the  i n f o rmat ion  (Androu lak i s ,  et  
a l . ,  2009;  Page-Sh ipp ,  et  a l . ,  2005)  
 
W i th  the  inc reased  p roduc t ion o f  da ta  t h rough modern  research 
ac t iv i t y ,  and  the  use o f  new research  in f r as t ruc tu re ,  and  w i t h  t he  
ou tpu ts  f rom s imu la t i ons  and  t he var ious  ins t ruments  and  sensors  
among the  var ious  research  commun i t i es ,  i n f r as t ruc tu re  p rov id ing  very  
l a rge  s to rage  capac i t y  i s  requ i red  t o  s to re  and  make  access ib le  key  
research  data  (Androu lak i s ,  et  a l . ,  2009) .  D ig i ta l  repos i t o r i es  p lay  a  
s ign i f i cant  ro le  in  the  s to rage  o f  research  da ta  and  in f o rmat ion 
(Androu lak i s ,  et  a l . ,  2009) .  
 
3.2 .1  Digi ta l  Reposi to r ies  
I n  s imp les t  t e rms ,  a  d ig i ta l  r epos i tory  i s  where  d ig i ta l  con tent  i s  s t o red 
and can  be  searched  and  re t r i eved f o r  la t e r  use .  A  repos i t o ry suppor ts  
mechan isms  t o  im por t ,  expor t ,  iden t i f y ,  s t ore  and  re t r i eve  d ig i t a l  
asse ts  (J ISC,  2011) .  Put t ing  d ig i ta l  con ten t  in t o  a  repos i t o ry enab les  
s ta f f  and  ins t i t u t ions  to  then  manage and  p reserve  i t ,  and  t herefo re  
der i ve  max imum va lue  f r om i t  (J ISC,  2011) .  Accord ing  t o  F ranc is  
(2006a) ,  the re  a re  var ious  t ypes  o f  d ig i t a l  repos i to r i es ,  fo r  example ,  
research da tabases  and  on l i ne  l i b ra r ies .  
 
Da ta  i n  the i r  va r ious  f o rms ,  f rom  raw da ta  t o  sc ien t i f i c  pub l ica t i ons ,  
w i l l  need  t o  be  s to red,  ma in ta ined  and  made ava i l ab le  and  open ly  
access ib le  t o  a l l  sc ient i f i c  communi t i es  (ESFRI ,  2008 ;  Page-Sh ipp ,  et  
a l . ,  2005) .  P resen t l y ,  t he re  a re  a  myr iad  o f  ef f or t s  to  s t o re  and  
manage research  data ,  l a rge ly  based  a round  ins t i tu t i ons  and ,  w i t h in  
i ns t i t u t i ons ,  around  depar tm ents  and  ind i v idua ls  (ESFRI ,  2008) .  The  
quan t i t y  o f  research  da ta  i s  g rowing  rap id l y .  I nvestment  i s  needed to  
ensure  that  t h is  da ta  is  m anaged in  a  coherent  manner ,  so  tha t  i t  can  
be  read i l y  accessed  when and  as  i t  i s  needed  (ESFRI ,  2008) .  The  
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ESFRI  (2008)  i nd ica te  t ha t  i n  many cases  the  data  is  managed t h rough 
m idd leware  t oo ls  and  app l i ca t i ons .   
 
Repos i t o r ies  prov ide  much g reate r  func t iona l i t y  and  suppor t  f o r  
co l l abora t i on ,  as  we l l  as  expos ing  research  ac t i v i t y  i n  ways  tha t  have  
no t  been  poss ib le  be fo re,  fu r ther  i nc reas ing  the  re tu rn  on inves tment  
i n  pub l i c l y  f unded  research  (J ISC,  2011) .  D ig i ta l  repos i t o r i es  m ay  
inc lude  research ou tpu ts  and journa l  a r t i c les ,  theses ,  e- lea rn ing  
ob jec ts  and t each ing  mate r ia ls  o r  research  data  (J ISC,  2011) .  
 
In  South  Af r ica ,  Van  Deven te r  and  P ienaar  (2008 :  3 )  i nd i ca ted  that  
the re  were  many ins t i t u t iona l  repos i to r i es ,  g i v ing  access  t o  “a t  l eas t  
n ine  open  access  repos i t o r i es  co l l ec t i ons  a t  severa l  academic  
i ns t i t u t i ons” .  These  repos i t o r i es  were  in i t i a l l y  f ocused  on  open  access  
to  e lec t ron ic  theses  and  d i sser ta t ions ,  however  t he f ocus  is  chang ing  
and “m ore  ins t i t u t i ons  a re  now inves t igat i ng  the  poss ib i l i t y  o f  mak ing 
the i r  da ta  co l l ec t ions  access ib le ”  (Van  Deven te r  and  P ienaar ,  2008 :  
4 ) .  
 
The  J ISC (2011)  i nd i ca ted  t hat  repos i t o r i es  a re  impor tan t  f or  
un ive rs i t ies ,  co l l eges  and  research  ins t i t ut es  i n  he lp ing  to  manage and 
cap tu re  i n t e l l ec tua l  asset s  as  a  par t  o f  t he i r  in f ormat ion  s t ra tegy and  
fu r t her  to  con t r ibu te  t owards  bu i ld ing  knowledge  economies .  In  
add i t i on ,  t hey ind ica te  t ha t  a  d ig i ta l  repos i t or y can  ho ld  a  w ide  range  
of  mate r ia l s  f o r  a  va r ie t y  o f  pu rposes  and users .  I t  can  suppor t  
research,  lea rn ing ,  and adm in is t r at i ve  p rocesses .   
 
I n  South  Af r ica ,  t he  “Very Large  Database  (VLDB) ”  i s  i n  t he 
deve lopm ent  phase  (CHPC,  2010) .  I t  i s  a imed a t  comp lement ing  t he 
Cent re  f or  h igh  per f ormance  comput ing  t hrough  t he e f f ec t i ve  cu rat i on  
o f  l a rge  da tabases ,  spec i f i ca l l y  i n  a reas  o f  env i ronmenta l  and  c l imate  
change  m ode l l i ng  and as t ronomy (CHPC,  2010) .  Th is  p ro jec t  i s  be ing  
funded  by  the  Depar tment  o f  Sc ience  and  Techno logy (DST) ,  t h rough 
the  CSIR Meraka I ns t i t u te  (CHPC,  2010) .  
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In  a l l  cases ,  the  prov is ion  and  ma in tenance o f  i ns t i t u t i ona l  
repos i to r ies ,  the  sof tware ,  hardware  and  serv i ces  requ i red t o  accept ,  
s to re ,  m ake  ava i l ab le  on l i ne  and  manage a  w ide range  of  d ig i t a l  
con ten t ,  i nc lud ing  t he  research ou tpu t  –  a re  f undamenta l  to  e-
Research (J ISC,  2011) .  
 
W hi le  researchers  can  have  access  to  the  necessary  i n f r as t ruc tu re  and  
appropr ia te  t oo l s  and  app l i ca t ion ,  w i t hou t  access t o  i n f o rmat ion,  
comprehens ive research canno t  be  under taken .  
 
3.2 .2  Access to  In format ion 
Scien t i f i c  and  scho la r ly  pub l i sh ing  i s  now evo lv ing  a long  two  d i s t i nc t  
pa ths  –  one  in  wh ich  la rge  commerc ia l  pub l i shers  a re  i nc reas ing  t he i r  
dom inance in  such  a reas as  ‘ b randed ’  j ou rna l  t i t les  and  access  to  
sc ient i f i c  pub l ica t i ons ,  and  the  o ther  in  wh ich  t here a re  a  va r ie t y  o f  
open  access  in i t i a t i ves  (Houghton,  et  a l . ,  2003) .  
 
Accord ing  to  Houghton ,  et  a l . ,  (2003) ,  open  access  d ig i t a l  repos i t o r i es ,  
opera t i ng  i n  para l le l  w i t h  ex is t i ng  commerc ia l  pub l ish ing  mechanisms,  
may p rov ide  a  ma jo r  oppor tun i t y  to  deve lop  a  sus ta inab le  i n f ormat ion  
in f ras t ruc ture  f o r  bo th  t r ad i t i ona l  and  emerg ing  modes  o f  knowledge  
p roduc t ion.  They f u r t her  i nd ica te  t hat  toge ther ,  they p rov ide  t he 
founda t ion  f o r  m ore  e f fec t i ve  and  e f f i c ient  access  t o ,  and  
d i ssemina t ion o f ,  sc ient i f i c  and scho la r l y  i n f o rmat ion .  
 
Recogn i t i on  of  the  s ign i f i cance o f  in f o rmat ion  and  knowledge has  led  
to  an  apprec ia t i on  o f  the  econom ic  and  soc ia l  impor tance  o f  access  to  
In f o rmat ion  (Paterson ,  et  a l . ,  2007) .  The  move  t owards  “open  access”   
o f  scho la r ly  j ourna ls ,  d ig i t i sa t i on  o f  l i b ra ry  mate r ia l s ,  and  un ive rs i t ies  
open ing  the i r  access  t o  research,  in  t he  f o rm  of  thes i s  and  d i sser ta t i on  
mate r ia l ,  g i ves  researchers  i n  a l l  f i e lds  access  to  m ore  inf ormat ion  
than  was  p rev ious ly ava i l ab le  (Mutu la ,  2009) .  The  open  access  
movement  i s  desc r ibed  as  be ing  composed  of  two  components ,  be ing  
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the  open access to  j ourna ls  and  the  open  access  to  a rch ives  and  
repos i to r ies  (Taylo r  and  W eaver ,  2005 ;  Mutu la ,  2009) .   
 
Cur ren t l y  ex tens ive  ho ld ings  of  research  data  a re  s tored w i t h in  
persona l  a r ch ives ,  e i t her  on  researcher  desk tops  o r  on  
depar tmenta l / i ns t i tu t i ona l  se rvers  (Aust ra l i an  Governm ent ,  2006) .  In  
these  locat ions ,  i t  i s  l a rge ly i naccess ib le ,  and  inh ib i t s  co l l abora t ive  
research ac t i v i t y .   
 
Da ta  genera to rs ,  such  as  sc ien t i f i c  f ac i l i t i es ,  and  da ta  ho lders ,  such 
as  museums  and  a rch ives ,  a re  rap id l y  i nc reas ing  t he i r  genera t ion  and  
ho ld ings  o f  d ig i ta l  da ta  (Aus t ra l i an Government ,  2006) .  Researchers  
a re  i nc reas ing ly  re l y ing  on  d ig i ta l  da ta  where  appropr ia te ,  due  to  i ts  
advan tages  f or  research  ana lys i s  (A ust ra l ian  Government ,  2006) .  The  
e -Research  consu l ta t i on p rocess  a round  Aus t ra l ia  h igh l i gh ted  t he 
c r i t i ca l  need  f o r  researchers  t o  have  access  t o  da ta ,  whe ther  i t  is  
sc ient i f i c  da ta  genera ted  by sc ien t i f i c  f ac i l i t i es ,  or  human i t i es  and 
soc ia l  sc iences da ta  f rom  h is to r i ca l  r ecords ,  and  whether  i t  i s  he ld  in  
Aust ra l i a  o r  overseas  (Sargen t ,  2007) .  Research  ou tpu t s  a re  h igh ly  
dependent  on  t he  inpu t  da ta ,  imply ing t ha t  researchers  need  to  be  
conf ident  o f  the  access ib i l i t y ,  pe rs i s t ence  and  in tegr i t y  o f  t he  da ta  
they need  t o  access (Sargen t ,  2007) .   
 
The  l ink ing  o f  d is t r i bu ted  e-Research  resources ,  such  as  sc ien t i f ic  
fac i l i t i es ,  d ig i t a l  da ta  repos i t or ies  and  comput ing  capab i l i t y  w i t h  
researchers ,  b r i ngs  w i t h  i t  respons ib i l i t i es  tha t  da ta  accessed  in such  
a  way i s  no t  on ly  eas i l y  access ib le ,  bu t  a l so  that  i t s  pers is tence  and  
in tegr i t y  are  assured  so as  to  meet  researchers ’  needs .  
 
Hough ton ,  et  a l . ,  ( 2003)  &  Pa t kar  and Chandra  (2006)  i nd i ca ted  tha t  
researchers  vo iced  concerns  abou t  open  access  to  i n f o rm at ion .  They  
fu r t her  i nd i cated tha t  among t he  researchers ’  concerns  was  t he  
concern  that  t he  qua l i t y  o f  i n fo rmat ion  on l i ne  was  o f  such  a  natu re  tha t  
i t  cou ld  not  be used in  research .  Hough ton,  et  a l . ,  (2003 :118)  
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i nd i cated t hat  one researcher  sa id  t ha t  “ t he  qua l i t y  o f  i n f ormat ion 
on l i ne  i s  r ubb ish” .  Pa tkar  and  Chandra (2006)  i nd i ca ted  t hat  bes ides  
qua l i t y  t he  t wo  m ost  c r i t i ca l  i n t egr i t y  i s sues  wi th  we b-based  i n f o rm at ion  
a re :  pr ovenanc e  -  wher e  does  a n  ob jec t  com e f rom  an d how has  i t  
changed  ove r  t ime ,  a nd  pers is tence  -  how long  wi l l  an  ob jec t  l as t  and 
how to  mak e i t  l as t  l onge r .  
Th is  h igh l i gh ts  the  need  f o r  researchers  to  have  access  to  good  
qua l i t y  i n f o rmat ion ,  bu t  a lso  the  impor tance  o f  cu ra t i on  and 
p reservat ion  o f  t he  i n f ormat ion .   
 
Open  access  t o  in f o rmat ion  i s ,  however ,  abou t  more  t han  jus t  where  a  
coun t ry  i s  in  t e rms  of  r epos i to r i es  o r  open  access  jou rna ls  (Fonseca,  
2009) .  I t  he lps  researchers  and  sc ien t i s t s  work  g loba l l y ,  i n  a  m ore  
coopera t ive  env i ronment ,  and  in  more  ba lanced te rm s  (Fonseca,  
2009) .  Fonseca  (2009)  ind i cated  tha t  i t  was p roven by research  that  
open  access prov ides  fas te r  and  g rea te r  v i s ib i l i t y  t o  r esearch,  
espec ia l l y  i n  deve lop ing  coun t r i es .  He  f u r t her  i nd ica ted  tha t  t hese 
e lem ents  i n  t urn  he lp  the  communica t ion  and  sc ient i f i c  commun icat ion 
p rocesses ,  and  he lp  bu i l d  knowledge  f rom prev ious  exper ience  and  
research.  
 
To  enhance  researcher  e f f ec t i veness  and  f ac i l i t a t e  eas ie r  access  to  
research  resu l t s  and  ou t comes,  i t  i s  a l so  essent ia l  tha t  e lec t ron ic  
s to rage  o f  research  is  cons is t en t  w i t h  i n t e rnat iona l ly  agreed  t echn ica l  
s tandards  (Fonseca ,  2009) .  
 
Sargen t  (2006)  i nd i ca ted  the  e -Research  Coord ina t ing  Commi t t ee  
iden t i f i ed  eas ie r  access  to  data  by  researchers  as  a  c r i t i ca l  i ssue  in  
Aust ra l i a .  He  fu r ther  i nd i ca ted t ha t  access  t o  in f o rmat ion  has  become 
an  i ssue  due  t o  a  va r ie ty  o f  fac tors  inc lud ing  t he  var ious  s tandards  
under  wh ich  t he  da ta  i s  p resen ted,  t he  l ack  o f  descr ip t ion  under  wh ich 
the  da ta  i s  co l l ec ted ,  t he  l ack  o f  p roper  access  permiss ion  p rov ided  t o  
the  data  co l l ec ted,  and the data  be ing  s tored  o f f l i ne .   
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F ranc is  (2006b)  s ta ted  tha t  t he  NCRIS  iden t i f i ed  two  d i f f e rent  t ypes  o f  
da ta  be ing ,  p r i va te  and  pub l i c  da ta .  He  ind i ca ted t ha t  p r i va te  da ta  is  
usua l ly  he ld  by  a  researcher  th rough  se l f  genera t ion  o r  by acqu is i t i on  
f rom  surveys ,  an  ins t rument  o r  dev ice .  Pub l ic  da ta  is  da ta  wh ich  has  
been  p laced  in  a  pub l i c  repos i to r y f o r  genera l  pub l i c  access .   
 
Borgman (2006)  agrees  w i th  F ranc is  i n  saying  tha t  p r imary  da ta  is  
any th ing  raw and  unprocessed ,  such  as  sensor  data  and  f i e ld  no tes .  
Borgman (2006)  e labora tes  t o  inc lude  secondary da ta ,  wh ich  she  
de f ines  as  data  tha t  has  been ana lysed ,  p rocessed  o r  i n t e rp re ted in  
some way.  Var ious  au thors  have  ind i ca ted  t ha t  access  t o  i n f o rmat ion  
i s  i nc lus i ve o f  access t o  p r imary da ta ,  access  to  open  pub l i sh ing  and 
access  t o  commerc ia l  pub l i sh ing .   
 
Hav ing access  t o  i n f o rmat ion  means  t ha t  i n fo rm at ion m ust  be  ava i l ab le  
to  be  accessed;  t h is  h igh l i ght s  the  need  f o r  d ig i t a l  cu ra t i on  and  
p reservat ion  (J ISC,  2011) .  
 
3.2 .3  Digi ta l  Curat ion &  Preservat ion 
Data  curat i on  came to  l i gh t  as  be ing  essen t ia l  to  the  e -Research  
agenda  in  ear l y  2000  (Lord and  Macdona ld ,  2003) .  The  recogn ized  
impor tance o f  da ta  cu ra t i on  i n  e-Research  re la tes  to  an  awareness  o f  
the  exponen t ia l l y  i nc reas ing  vo lumes  of  p r imary da ta  i n  d ig i t a l  f o rm 
genera ted  by au tomated  co l l ec t i on  o f  da ta  t h rough  ‘ ‘ nex t  genera t ion ’ ’  
exper iments ,  s imu la t i ons ,  sensors  and  sa te l l i t es  (Hey and  Tre f e then ,  
2003) ,  t ha t  need t o  be a rch ived and  p reserved ,  so  tha t  they  a re  
ava i l ab le  and  appropr ia te  f o r  contemporary d i scovery  and  f u tu re  re-
use  (Lord and  Macdona ld ,  2003) .  
 
Hockx -Yu  (2006)  re f e rs  t o  work  done  by  Jones  and  Beagr ie  (2002 ) ,  
who  ind i ca te  tha t  d ig i t a l  p reservat ion re fe rs  t o  the  ser ies  o f  managed 
ac t iv i t i es  necessary  t o  ensure  cont inued  access  t o  d ig i ta l  mate r ia ls  f or  
as  l ong  as  necessary.  The  sheer  vo lume of  da ta  i n  d ig i t a l  repos i to r i es  
i s  a  cha l l enge f or  t he  p reservat ion  o f  t he  da ta  (Hockx -Yu ,  2006) .  I n  t he  
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UK,  t he  OS I  e - in f ras t ruc tu re  W ork ing  Group  (2004)  ind i ca ted  tha t  
d ig i t a l  data  and  in f o rmat ion do not  su rv i ve  w i t hout  ac t ive  i n t erven t ion.  
They f u r ther  ind i ca te  tha t  mechan isms  t o  ensure  l ong- te rm 
preservat ion  a re  v i t a l  t o  t he research  l i f ecyc le .  
 
In  t he  research  con tex t ,  ma jo r  r easons  to  keep  p r imary research  data  
i nc lude  (Lord and Macdona ld ,  2003) :   
•  Re-use  o f  da ta  f or  new research ,  inc lud ing  co l l ec t i on -based  research 
to  generate  new sc ience;  
•  Re ten t ion  o f  un ique observa t iona l  da ta  wh ich  i s  imposs ib le  t o  re -
c rea te ;  
•  More  da ta  is  ava i lab le  f o r  research p ro jec ts ;  
•  Compl iance w i t h  lega l  r equ i rements ;  
•  Ab i l i t y  t o  va l i da te  research  resu l t s ;  
•  Use  o f  da ta  i n  t each ing ;  
•  For  t he  pub l i c  good.   
 
In  t he UK,  t he J ISC (2011)  es tab l i shed  the  D ig i ta l  Cura t ion  Cent re  
(DCC) wh ich  f ocuses  on  bu i l d ing  capac i t y ,  capab i l i t ies  and  sk i l l s  f or  
da ta  cu rat i on  ac ross  t he  UK.  I n  Aust ra l i a ,  cura t i on  o f  da ta  is  
h igh l i gh ted ,  not  as  a  separa te  p rocess,  bu t  r a ther  as  f o rm ing  par t  o f  
the  data  s torage  p rocesses  (NRIC,  2006) .  
 
F rom  the  l i t e ra tu re  rev iewed in  sec t ion  3 .1 .4 ,  au thors  have  h igh l igh ted  
tha t  m idd leware  i s  necessary  as  a  commun icat ions  layer  tha t  a l l ows  
app l i ca t i ons  t o  in te rac t  ac ross  hardware and ne twork .  F rom the 
l i t e ra tu re  rev iewed in  sec t ion  3 .2 ,  au thors  have h igh l i gh ted  tha t  Data  
and I n fo rm at ion  Management  a re  impor tant  i n  e -Research,  as  we l l  as  
hav ing  access  t o  i n f o rm at ion  and  d ig i t a l  repos i t or i es ,  wh i le  ensur ing 
tha t  data  is  cu ra ted .  These  components  i nd ica ted  can  thus  poss ib ly  
a l so  f o rm  par t  o f  t he  components  mak ing  up  t he f ramework  f o r  e-
Research as  shown in  F igure 11  be low.  
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F i g u r e  1 1 :  P o s s i b l e  M i d d l ew a r e  a n d  S er v i c e  C o m p o n e n t s  o f  t h e  e - R e s e a rc h  
F r a m ew o r k  
 
Cura t i on  and  p reservat ion  are  h igh l i gh ted  as  be ing  im por tan t  
components  o f  e -Research;  however ,  authors  a lso  h igh l i gh t  t hat  t here  
a re  o ther  t oo l s  and  app l i ca t i ons  wh ich  can  p lay an  impor tan t  r o le  in  
implement ing the  comple te  e -Research  parad igm.  
 
3.3  Tools and App l icat ions  
Di f f e rent  users ,  d i s c ip l ines  and  app l i ca t i ons  have  t r ad i t i ona l l y  made 
the i r  own a r rangements  and  wr i t t en  su i t ab le  sof tware  and  sys tems to  
ach ieve  var ious  tasks  (Sargen t ,  2006) .  As  the  numbers  and  t ype  o f  
d i s t r ibu ted  e lec t ron ic  resources  has  inc reased ,  and  as  co l l aborat ive  
ways  o f  work ing  have  p ro l i f e ra ted ,  i t  has  become ev iden t  wor ldwide  
tha t  t h is  i nd i v idua l  approach  cou ld  be  was te fu l ,  as  i t  leads  to  an 
expens ive  dup l ica t i on  o f  resources  and  an  inc reased r i sk  o f  deve lop ing  
sys tems t ha t  canno t  communicate  eas i l y  w i th  each  o ther  (Sargen t ,  
2006) .  
 
Sargen t  ( 2006)  i nd i ca ted  t ha t  espec ia l l y  w i t h in  the  research 
commun i t y ,  and  now inc reas ing ly among the  genera l  academ ic  
commun i t y ,  a  subs tant ia l  amount  o f  e f f o r t  i s  be ing  expended in  var ious  
in te rna t iona l  work ing  g roups  t o  i den t i f y  common s tandards  and  
p rac t ices  tha t  may e l im inate  much o f  t h i s  dup l ica t i on ,  and  to  deve lop  
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sys tems tha t  can  be  app l i ed  ac ross  a  w ide  spect rum of  app l ica t i ons  
and resources  .   
 
As  Sargent  (2006)  s t a tes ,  one  o f  the  main  f ocus  a reas  f or  t he  
deve lopm ent  o f  t oo l s  and  app l i ca t i ons ,  has  been  those  too ls  tha t  a l l ow 
researchers  t o  commun icate  and  co l l abora te .  
 
3.3 .1  Communicat ion and Col laborat ion 
Ef fec t i ve  co l labora t i on  be tween researchers ,  i nc lud ing  shared  access  
to  repos i to r i es  and  re la ted  research  in f ras t ruc tu re ,  i s  i n t r i ns i c  to  the  e -
Research  v i s ion  (S argen t ,  2006 ,  2002 ,  2007;  O ’B r ian ,  2005 ,  F ranc is ,  
2006b ;  NRIC,  2006  &  Cummings  and  K ies le r ,  2005) .  Co l l abora t i on  may 
invo lve  rem ote  con t ro l  o f  equ ipment ,  shar ing o f  da ta ,  and  access  t o  
con ten t  i n  repos i t o r i es  and  inc reas ing ly,  commun icat ion  and  
confe renc ing  (Sargent ,  2006) ,  i nc lud ing  aud io  conf e renc ing,  v ideo  
confe renc ing  and  ins tant  messag ing .  
 
Co l l abora t i on,  espec ia l l y  in t e rna t iona l  co l l aborat i on,  i s  w ide ly seen as  
bene f i c ia l .  W alsh  and  Ma loney (2002)  f ound  t ha t  compute r  ne twork  use 
i s  assoc ia ted  w i th  more  geograph ica l l y  d i spersed  co l l aborat i ons  as  
we l l  as  more  p roduc t ive  co l l aborat i ons .  Kat z  and  H icks  (1997)  f ound 
tha t  t he  c i t a t ion  o f  co l l abora t i ve  papers  was  h igher  t han t hat  o f  so le  
au thored  papers ,  and  tha t  t he  impact  was  h igher  f or  co l l aborat ive  
papers  where  t hose co l l abora t i ons  were  in t e rna t iona l .  These  f i nd ings  
sugges t  t hat  co l labora t i on m ay p roduce  inc reases  in  bo th  p roduct iv i t y  
and qua l i t y  (Kat z  and  H icks ,  1997) .  
 
e -Research  co l l abora t i on too ls  have  c reated  new oppor tun i t i es  f or  
research  and  commun icat ion among ind i v idua ls ,  pa r t i cu la r l y  f o r  t hose 
tha t  a re  geograph ica l ly  d i spersed  (Cummings  and  K ies ler ,  2005) .  
Skype ,  Vo ice  over  In te rne t  Pro toco l  (VoIP ) ,  e -ma i l  and  ins tan t  
messag ing  a re  d ig i t a l  too l s  f ac i l i t a t i ng  commun icat ion  and  
co l l abora t i on  and  a l l ow peop le  ac ross  many geograph ica l  l oca t ions  to  
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coord ina te  tasks  and  research  outpu t  (Anandara ian  and  A nandara ian,  
2010) .  
 
The  Aust ra l i an Research Co l labora t i on  Serv i ce (ARCS)  p rov ides  
na t iona l  e -Research  serv i ces  v ia  g r id -enab led  in f ras t ruc tu re  (P la t f o rms  
fo r  Col l abora t i on ,  2008) .  ARCS prov ides  a  v i t a l  p la t f orm  fo r  research  
co l l abora t i on  i nc lud ing seamless  access  to  research  f ac i l i t i es  and 
serv ices ,  such  as  h igh  per f o rmance  com put ing  resources,  v ia  
i n te roperab le  m idd leware ,  as  wel l  as  p rov id ing  f or  t he  ana lys i s  and  
movement  o f  l a rge  da ta  sets  (P la t fo rms  f o r  Co l laborat i on ,  2008) .  The  
P la t f o rms  fo r  Col l abora t i on (2008)  comm i t t ee  f unds  ARCS  wh ich  
p rov ides  na t iona l  se rv ices  t h rough  a  cohes ive  co l l abora t i on  o f  reg iona l  
pa r tners  (P la t f o rms  fo r  Co l l abora t ion ,  2008) .  
 
Ano ther  impor tant  aspec t  o f  e -Research  wh ich  i s  h igh l i gh ted by  m any  
au thors  i s  tha t  o f  v i sua l isa t i on  too ls  and app l ica t i ons .  
 
3.3 .2  Visual isat ion 
Visua l i sa t i on  can be  d i v ided  in to  two  b road  types  o r  categor ies ,  
Sc ien t i f i c  V i sua l i za t i on  and  In f o rmat ion  V isua l i za t i on (Char te rs ,  2010 ;  
W are,  2004) .  Accord ing  to  Char te rs  (2010) ,  sc ien t i f i c  v i sua l i sa t i on  is  
concerned  w i th  the  convers ion  o f  numer ic  data ,  usua l l y  f rom sc ient i f i c  
exper iments  and  s imu la t i ons  to  a  graph ica l  rep resen ta t i on .  He ,  
however ,  i nd icated  t ha t  i n fo rm at ion v isua l i sa t i on ,  on  t he o ther  hand ,  is  
concerned  w i th  the  convers ion  o f  o ther  f o rms  of  da ta ,  s t ruc tu red  and 
uns t ruc tu red t ex t ,  images  and  v ideo ,  t o  an  appropr ia te  g raph ica l  
rep resen ta t i on .  The  represen ta t i ons  genera ted  by  the  v isua l isa t i on  
p rocess can  be  abs t rac t  i n  na ture ,  o r  can  be  based  on  a  phys ica l  
rep resen ta t i on  o r  a  rea l  wor ld  metaphor  (Char te rs ,  2010) .  
 
Bu t le r ,  et  a l . ,  ( 1993)  desc r ibe  th ree ca tegor ies  o f  user  o r ien ted 
v i sua l i sa t i on  task :  
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•  Desc r ip t ive  V isua l i sa t i on ,  occurs  when the  phenomena represented  
in  t he  da ta  a re  known,  but  when t he  user  needs  t o  p resent  a  c lear  
v i sua l  ver i f i ca t i on o f  t he  phenomena;  
•  Ana lyt i ca l  V i sua l isa t i on,  o r  d i r ec ted  search ,  i s  t he p rocess  we f o l l ow 
when we know what  we  a re  l ook ing  f o r  i n  t he  da ta ;  v i sua l isa t i on 
he lps  dete rm ine whether  i t  i s  t here ;  
•  Exp lora to ry v i sua l i sa t i on ,  or  und i rec ted search ,  i s  necessary when  
we do  no t  know what  we  a re  l ook ing  f o r ;  v i sua l i sa t ion  may he lp  us  
unders tand  t he na tu re  o f  the  da ta  by demons t ra t i ng pat t erns  i n  tha t  
data .  
 
V isua l i sa t i on  has  m any advan tages  f o r  a  research  inves t igat i on;  f i ve  o f  
these a re  (W are,  2004) :  
•  Ab i l i t y  t o  comprehend  huge  am ounts  o f  data ;  
•  The percept ion o f  emergen t  p roper t i es ;  
•  Easy ind i cat i on o f  e r ro rs  i n  the  data ;  
•  Unders tand ing la rge-sca le  and  sm al l - sca le  f eatu res ;  
•  Fac i l i t a t ion o f  hypo thes is  f o rmat ion.  
 
In  l i ne  w i th  W are ’s  (2004)  f i nd ings  o f  t he  advantages  o f  v i sua l isa t i on ,  
and expand ing  on  t hese  advantages ,  Hansen ,  Johnson,  Pascucc i  &  
S i lva  (2009:  153) ,  i nd ica ted t hat  v i sua l  da ta  ana lys i s ,  f ac i l i t a t ed  by  
i n te rac t ive  user  in t e r f aces,  “enab les  t he  de tec t i on and  va l i dat i on o f  
expec ted  resu l ts ,  wh i l e  a l so  enab l i ng  unexpec ted  d i scover ies  i n  
sc ience” .  These  advan tages  show v i sua l isa t i on  has an  impor tan t  ro le  
to  p lay i n  e -Research;  however ,  t he  deve lopment  o f  v i sua l i sa t i on  
techno log ies  has  no t  kep t  pace  w i t h  the  chang ing  needs  o f  
v i sua l i sa t i on  users  (W are,  2004) .  Hansen ,  et  a l . ,  (2009 :  153)  agrees  
w i th  W are (2004)  and  f u r ther  i nd ica ted  that  v i sua l  da ta  ana lys is  i s  f ar  
f rom be ing  a  “so l ved  p rob lem”.  
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V isua l i sa t i on  h igh l i gh ts  that  fo r  d i f f e ren t  research  p ro jec ts ,  d i f fe rent  
v i sua l i sa t i on  t oo ls  may be  requ i red .  Th is  h igh l i ght s  the  poss ib le  need  
fo r  p ro jec t -spec i f i c  too l s  and app l i ca t i ons .  
 
3.3 .3  Project  Speci f i c  Tools and Appl icat ions  
Dozie r  and  Ga i l  (2009) ,  s t a te  t hat  fo r  ear th  and  env i ronmenta l  s c ience  
spec i f i c  t oo l s  and app l i ca t i ons  a re  requ i red .  Examples  h igh l i ghted  by  
the  au thors  inc lude  t oo ls  f o r  measur ing  ra in f a l l  and  r i s ing  sea  leve ls .  
They f u r t her  i nd ica ted  that  mode ls  such  as  i n f o rmat ion m ode ls  do  not  
cons ider  i n te rac t i ons  between var ious  var iab les  s to red  in  t he  
in f o rmat ion ,  and  hence  ind i cated  t he  need  f or  “env i ronmenta l  
app l i ca t i ons ” .  De laney and  Barga  (2009)  a l so  i nd i cate  that  i n  the  f i e ld  
o f  oceanography,  spec i f i c  t oo l s  and  app l i ca t i ons  wou ld  be  needed  f or  
researchers  to  deve lop  p red ic t i ve  mode ls  f or  g ian t  s t orms  o r  e rupt ive  
vo l canoes.   
 
The  sam e can  be  sa id  f or  the  SKA A f r ica  p ro jec t .  Th is  p ro jec t ,  t he  
Square  K i l omet re  A r ray  (SKA) ,  w i l l  f ocus  on  exp lor ing  t he un ive rse 
w i th  the  wor ld ’ s  l a rges t  t e lescope  a r ray  (SKA Af r ica ,  2011) .  The  SK A 
wi l l  be  a  rad io  t e lescope ,  wh ich  ins tead  o f  see ing l i gh t  waves ;  w i l l  
genera te  p i c t u res  f rom rad io  waves  (SKA Af r ica ,  2011) .  To  captu re ,  
s to re  and  compute  t he  in f o rm at ion f r om th i s  te lescope  a r ray,  vas t ly  
d i f f e ren t  too l s  and  app l i ca t i ons  w i l l  be  requ i red  t han  those used  f or  
s tudy ing  oceanography.   
 
I t  can  be  seen  t ha t  p ro jec t  spec i f i c  t oo l s  and  app l i ca t i ons ,  such  as  
h igh l i gh ted  by Doz ie r  and  Ga i l  ( 2009)  and  De laney and  Barga  (2009)  
may be  necessary  in  an  e -Research f ramework .   
 
A  g rowing  concern  i n  e -Research commun i t i es  i s  tha t  o f  secur i t y ,  
espec ia l l y  i n  te rms  of  access ,  au then t i ca t i on and  au thor i sa t i on .  
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3.3 .4  Access,  Authent icat ion and Author isat ion 
Suppor t i ng  e -Research  o f t en p laces  numerous  demands  on  capab i l i t ies  
assoc ia ted w i t h  e -Research  In f ras t ruc tures  ( ISS R,  2010) .  One  key  
cha l l enge  i s  w i th  regard  t o  secur i t y .  S ecur i t y  t echno log ies  must  
suppor t  a  va r ie t y  o f  user  and  p rov ider  requ i rements  such  as  
au then t ica t i on,  author i za t i on,  t rus t ,  p r i vacy ,  po l i cy management ,  and  
in f o rmat ion  assurance ,  a l l  i n  a  user  and  p rov ider  f r i end ly f ram ework  
( ISSR,  2010) .  Many e -Research  p ro jec ts  have  deve loped d i s t i nc t ive  
secur i t y  ana lyses ,  r equ i rem ents ,  and  t echn ica l  so lu t i ons  fo r  a  va r ie ty  
o f  app l i ca t i ons  ( ISSR,  2010) .  
 
L i ke  mos t  comp lex  sof tware  sys tems,  g r id  m idd leware  so lu t i ons  exh ib i t  
a  number  o f  secur i t y  p rob lems (Smi th ,  et  a l . ,  2009) .  Un l i ke  t rad i t i ona l  
c lus ter  sys tems and  t he  sma l l  academic  g r id  i n i t ia t i ves  where  loca l  
adm in is t r a to rs  usua l l y  know the i r  users ’  so f tware  and  usage  hab i t s ,  
the  l a rger  m ixed  academic  and  bus iness  g r ids  expose c lus ter  
adm in is t r a to rs  t o  a  l a rge  number  o f  unknown  users  w i t h  a  g rea t  va r ie ty  
o f  usage  pat te rns  (Sm i th ,  et  a l . ,  2009) .    
 
Gr ids  a re  now becoming  an  a t t r ac t i ve  t arge t  f or  a t tackers ,  s ince  t he 
g r id  o f f e rs  s tandard i zed  access  to  a  l a rge  number  o f  mach ines s to r ing 
po ten t ia l l y  va luab le  da ta ,  wh ich  cou ld  be m isused in  va r ious  ways  
(Sm i th ,  et  a l . ,  2009) .  
 
The  J ISC es tab l i shed  t he  UK Access  Management  Federat ion  f or  
Educat ion  and  Research,  to  p rov ide  so lu t i ons  t o  some secur i t y  i ssues  
(J ISC,  2011) .  The f edera t i on is  l a rge ly  respons ib le  f or  p rov id ing s ing le  
s ign -on  so lu t i ons  f o r  access ing  on l i ne  resources  and  serv ices  (J ISC,  
2011) .  W hi le  i n  Aus t ra l i a ,  the  A ust ra l i an  Access  Federa t ion  (AAF)  was  
es tab l ished  to  b r ing  t oge ther  cu t t i ng -edge  t echno log ies  as  a  f ramework  
fo r  t r us ted  e lec t ron ic  comm unicat ions  and  co l l abora t i ons  between 
un ive rs i t ies  and research  ins t i tu tes  (Aus t ra l i an  Access  Federa t ion,  
2011)  
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Accord ing  t o  Sargen t  (2006) ,  the  secur i t y  o f  e-Research  in f ras t ruc tu re  
has  t o  be  addressed  a t  a l l  l eve ls ;  i t  cannot  e f f ec t ive l y  be  addressed  
un less  i t  i s  w i t h  respect  to  a l l  e lements  i n  a  commun icat ion  cha in .  
Research  ins t i t u t i ons  i n  Aust ra l i a  have  par t i cu la r  secur i t y  p rob lems 
born  o f  the i r  d is t i nc t ive ly  la rge bandwid th  and  t he i r  connect iv i t y  t o  
g loba l  h igh  per f o rmance networks  (S argen t ,  2006) .   
 
e -Research  i s  open ing up  new f i e lds ,  p rev ious ly  deem ed t o  no t  be  
poss ib le ;  many un ivers i t i es  im p lem ent ing  e -Research  a re  f i nd ing  uses  
fo r  i t s  capab i l i t i es  beyond  jus t  research .  e -Research  i s  broaden ing  in  
i t s  con tex t  and  emerg ing uses  a re  be ing  f ound  f o r  these  t echno log ies .  
 
3.4  T rends in  e -Learn ing and Digi ta l  Scholarship  
Univers i t ies  ac ross  t he  wor ld  a re  d i scover ing  tha t  imp lement ing  an  e-
Research  s t ra tegy a l so  a l l ows  f o r  e -Learn ing  o r  d ig i t a l  scho la rsh ip .  As  
e -Research i s  be ing  im plem ented  in  i ns t i tu t i ons  wor ld -w ide ,  and  as  
g r id  com put ing  is  be ing  recogn ized  and  used ,  a  new f o rm of  g r id  
comput ing  ca l l ed e -Learn ing  g r id  i s  emerg ing  as  a  na t ionwide  e -
Learn ing  in f ras t ruc tu re ,  wh ich  can p rov ide  innova t ive  l ea rn ing  
exper ience  f or  lea rners  (L i ,  et  a l . ,  2006) .  Accord ing  t o  L i ,  et  a l . ,  
(2006)  g r ids  can  reso lve many o f  t he  ex i s t i ng  d rawbacks in  e -Learn ing 
env i ronments ,  such  as  sca lab i l i t y ,  i n t e roperab i l i t y  and  ava i l ab i l i t y .  
 
e -Learn ing  o r  d ig i t a l  s cho la rsh ip  i s  desc r ibed by  Mutu la  (2009)  as  
be ing  a  ‘ ne tworked ’ ,  scho la r ly  o r  academic  env i ronment  w i t h  pervas ive  
i n tegra t i on  o f  d ig i ta l  t echno log ies  in  everyday lea rn i ng .  He  e labora tes  
to  say i t  i s  i nc lus i ve  o f  teach ing ,  us ing  e lec t ron ic  m eans  t o  eva lua te  
and assess  academic  work ,  e - jou rna ls ,  e -books and  d ig i t a l  l i b ra r ies .  
Many o f  the  t oo ls  and  in f ras t ruc tu re  requ i red  by  un ive rs i t i es  t o  m ake 
p rov i s ion  f o r  d ig i ta l  scho la rsh ip  a re  a l so  requ i red  f o r  e-Research.  As  
Mutu la  (2009)  i nd i ca ted,  d ig i ta l  scho la rsh ip  and  e -Research  a re  
c lose ly re la ted and o f ten  in t e r l i nked .  
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By us ing  e -Research  in f r as t ruc tu res ,  l ea rn ing  con ten t  can  be  made 
ava i l ab le  even  in  remote  locat ions  (Mutu la ,  2009) .  
 
The  Un ivers i t y  o f  Read ing  in  the  UK f ound  tha t  the  use  o f  e -Research  
techno log ies  he lped  t o  advance t he i r  e -Learn ing  capab i l i t i es  
(Un ive rs i t y  o f  Read ing ,  2010) .  They f ound  t ha t  m ore  ex tens ive  use  o f  
e -Research  resources  enhanced  underg radua te  teach ing  and  lea rn ing  
(Un ivers i t y  o f  Reading ,  2010) .  They have  f u r ther  incorpora ted  m any  
schoo ls  i n  t he  a rea ,  t h rough  the i r  B lackboard  Schoo l  Por t a ls  p ro jec t ,  
wh ich  p rov ides  resources  to  t eachers ,  such  as  bu i ld ing  lesson p lans,  
wh ich  can  be eas i l y  upda ted  each  year .  
 
Encourag ing  and  f ac i l i t a t ing  co l l abora t i on  and  coord ina t ion  w i th  e-  
Learn ing  S t ra tegy,  i nc ludes  shar ing  o f  resources  and  the  use  o f  d ig i t a l  
research  outputs  f o r  teach ing.  E -Learn ing  a t  Read ing  (and na t iona l ly )  
cu r ren t l y  f ocuses heav i l y  on  t he  use  o f  B lackboard;  the re  i s  scope  f or  
more  ex tens ive  use  o f  e -Research  resources  fo r  underg radua te  
teach ing and  lea rn ing .  
 
F rom  the  l i t e ra ture  rev iewed in  sec t ion  3 .3  and 3 .4 ,  authors  have 
h igh l i gh ted  tha t  va r ious  t oo ls  and app l i ca t i ons  may be  necessary t o  
suppor t  e -Research  ac t iv i t i es .  These  components  ind i ca ted  can  t hus  
poss ib l y  f o rm  par t  o f  the  components  mak ing  up  t he  f r amework  fo r  e -
Research as  shown in  F igure 12  be low.  
 
 
F i g u r e  1 2 :  T o o l s  a n d  Ap p l i c a t i o n  C o m p o n e n t s  f o r  e - R e s e a r c h  
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Many au thors  i nd ica te  t ha t  fund ing  s t ruc tures  p lay an  impor tant  ro le  i n  
the  imp lementat ion  o f  e -Research  s t ra teg ies .  The  nex t  sec t i on  l ooks  a t  
wha t  authors  say abou t  s t ruc ture  i n  re la t i on  to  e -Research .  
 
3.5  Fund ing St ructures &  Overs ight  o f  e -Research  Act iv i t ies 
I n  th is  l i t e ra ture  rev iew,  s t ruc ture  w i l l  on l y  be looked  as  i n  so  f a r  as  
au thors  h igh l i gh t  spec i f i c  a reas re la t i ng  t o  s t ruc ture ,  wh ich  have an  
impac t  o f  the  imp lementa t i on  o f  e -Research ac t i v i t i es .  I n  t h is  l i t e ra tu re  
rev iew,  s t ruc tu re  l ooks  t o  wha t  au thors  i nd icate  abou t  f und ing 
s t ruc tures ,  as  we l l  as  co -o rd ina t ion  and  overs igh t  o f  e -Research  
ac t iv i t i es .   
 
As  e -Research  invo lves  o f ten  large  sca le  co l l abora t i on  i n f ras t ruc tu re  
deve lopm ents ,  f und ing  these  ac t iv i t i es  is  usua l l y  la rger  t han  the  scope  
of  a  s ing le  i ns t i tu t i on .  The  fo l l owing  sec t ion  i nvest iga tes  the  to ta l  
i nvestments  made by coun t r i es  in to  e -Research  ac t iv i t i es ,  and  a lso 
l ooks  to  whe ther  these ac t i v i t ies  a re  f unded  at  a  na t iona l  or  
i ns t i t u t i ona l  l eve l .  Th is  i s  under taken  t o  be t t e r  unders tand  how a  
f ram ework  o f  e -Research  components  may be  f unded  in  t he  mos t  cos t -
e f f ec t ive  way poss ib le ,  l ea rn ing  f rom the  exper iences  o f  deve loped 
coun t r i es .  
 
3.5 .1  Overview of  Global  e -Research Funding 
Accord ing  to  A lber ta ’ s  Cyber  I n f ras t ruc tu re  t ask fo rce  (2006) ,  na t ions  
a round  t he  wor ld  have  es tab l ished  e -Research  as  a  p r io r i t y ,  
recogn is ing  i t  as  essen t ia l  t o  rema in ing  com pet i t i ve  i n  the  g loba l  
research  a rena .  They f ur ther  i nd ica te  t hat  t hese  ac t i v i t i es  a re  l a rge ly  
suppor ted  o r  f unded  by governments ,  who  a re  mak ing  s ign i f i can t  
moneta ry  i nves tments  i n t o  e -Research  in i t i a t i ves ,  fund ing  bo th  in i t i a l  
cap i ta l  and  ongoing  opera t i ng  expenses .  The  f i gu re  be low g i ves  an  
ind i cat i on  o f  the  overa l l  i nves tm ents  made by  var ious  na t ions  in t o  e-
Research (A lber t a ’ s  Cyber  I n f ras t ruc tu re  t ask fo rce ,  2006) .   
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F i g u r e  1 3 :  I n ve s t m e n t s  b y  N a t i o n s  i n  e - R e s e a r c h  I n i t i a t i ve s  ( Al b e r t a ’ s  C y b e r  
I n f r a s t r u c t u r e  T a sk f o rc e ,  2 0 0 6 )  
 
I t  can  be seen  tha t  i nvestment  i n t o  e-Research  ac t iv i t i es  is  
cons iderab le .  I n  o rder  t o  f und  e-Research  cos t  ef f ec t ive l y ,  t he re  m ay  
be  lessons  to  be lea rn t  f r om the  way in  wh ich  Aus t ra l i a  and  the  UK 
under took  f und ing  the i r  e -Research  p rograms.  The  fund ing  s t ruc tu res  
o f  bo th  Aust ra l i a  and  t he UK are i nves t igated  in  sec t ions  3 .5 .2  and  
3 .5 .3 .   
 
 
e - R e s e a r c h :  A n  I m p l e m e n t a t i o n  F r a m e w o r k  F o r  S o u t h  A f r i c a n  O r g a n i s a t i o n s  
 
-  61  -  
3.5 .2  Austral ian  Funding St ructure  o f  e-Research Act iv i t ies 
Appe lbe  (2010)  ind i ca ted  t ha t  in f ras t ruc tu re  i n  Aus t ra l i a  was  f unded  
in i t i a l l y  ver y d i f f e ren t l y  f rom the  way i t  was  done  in  t he  UK.  He  f u r t her  
i nd i cated that  ear l y  i n  1995 ,  un ive rs i t i es  and  ins t i t u t i ons  suppor ted 
and f unded  the i r  own  h igh  per f o rmance  comput ing and  e -Research  
in f ras t ruc tures ,  wh ich  resu l t ed  in  ve ry l i t t l e  co l l abora t ion .  I n  2000 ,  
APAC (Aus t ra l i an  Par tnersh ip  f o r  A dvanced  Comput ing )  was  
es tab l ished  (Appe lbe ,  2010) .  Commonwea l t h  f und ing  was  p rov ided  to  
s ta tes  to  set  up and  suppor t  e -Research  cen t res ,  spec i f i ca l l y  h igh  
per f o rmance  comput ing  cent res .  Appe lbe (2010)  f u r t her  ind icated  that  
s ince 2005 ,  a  s t r ong emphas is  has  been  p laced  on  co l l abora t ion  ra ther  
than  on  compet i t i on  f o r  research  in f ras t ruc ture .  Fund ing  f ocused  on 
se t t i ng  up,  f o r  example ,  one  h igh  per f o rmance  comput ing  cen t re  in  
each  s ta te ,  whereby un ivers i t i es  and  research  ins t i tu t ions ,  by  and  
la rge ,  out source  HPC ac t iv i t i es  t o  these  s ta te  o rgan isat ions  (A ppe lbe,  
2010) .   
 
Appe lbe (2010)  i nd ica ted  t hat  lessons  lea rned  in  A ust ra l i a  w i th  
regards  t o  f und ing  e -Research  ac t i v i t ies  show tha t  par tnersh ips  a re  
needed  f o r  f und ing  e-Research .  He  ind i ca ted  t hat  these  par tnersh ips  
shou ld  be  compr ised  o f  un ive rs i t y / r esearch  ins t i t u t ions ,  s t a te ,  reg iona l  
and f edera l  f und ing .  
 
In  Aus t ra l i a ,  the  NRIC (Nat iona l  Research  In f ras t ruc tu re  Counc i l )  was  
es tab l ished  t o  deve lop  and  f und na t iona l  s c ient i f i c  i n f ras t ruc tu re  
p ro jec ts  (NRIC,  2006) .  The  Aust ra l i an Government  p rov ided  $542  
m i l l i on  over  the  per iod  2005-2011  to  p rov ide  researchers  w i t h  research  
fac i l i t i es ,  suppor t i ng  in f ras t ruc tu re  and  ne tworks  necessary f o r  wor ld -
c lass  research (NRIC,  2006) .  
 
Fur t hermore,  accord ing  t o  the  A lber ta ’ s  Cyber  In f ras t ruc ture  task fo rce  
(2006) ,  an  inves tm ent  o f  £313  m i l l i on  p lus  £  25 m i l l ion  ( i ndus t ry  
con t r ibut i ons)  was  pu t  i n t o  t he UK e-Sc ience In i t ia t i ve .  These  
ac t iv i t i es  a re  i nd i cated  as  be ing  f unded  by  government  (O f f i ce  o f  
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Sc ience  and  Techno logy;  Depar tment  o f  T rade  and  I ndus t r y)  and  
indus t ry .  W hi le  in  Aus t ra l i a ,  they  i nd i ca te  the  f o l lowing  inves tments  
were  made:  
•  $246.0  m i l l i on  –  Sys tem ic  In f ras t ruc tu re  In i t i a t i ve  (S I I )  
be tween 2001-2006 ;  
•  $145.7  m i l l i on  –  Ma jo r  Na t iona l  Research Fac i l i t ies  
P rogramme (MNRFP ) between 2001-2006 ;  
•  $542.0  m i l l i on  –  Na t iona l  Co l l abora t ive  Research 
I n f ras t ruc tu re  S t ra tegy (NCRIS)  between 2004  and  2011 .  
 
Accord ing  to  t he  NRIC (2006) ,  ma jo r  i n f r as t ruc tu re  shou ld  be 
deve loped  on  a  co l l abora t ive ,  na t iona l ,  non-exc lus i ve  bas is .  
In f ras t ruc tu re  f unded  t hrough  the  NCRIS wi l l  se rve the  research and  
innova t ion  sys tem  broad ly.  Fund ing  and  e l i g ib i l i t y  r u les  o f  the  NRIC 
encourage  co l l abora t i on  and  co- inves tment  i n  e -Research  (NRIC,  
2006) .  The  NRIC (2006)  f u r ther  i nd i ca ted  tha t  i t  i s  no t  the  f unc t ion  o f  
NCRIS  (Nat iona l  Co l l abora t i ve  Research  I n f ras t ruc tu re  S t ra tegy)  t o  
suppor t  i ns t i tu t iona l  l eve l  (o r  even  sma l l - sca le  co l l abora t ive)  
i n f ras t ruc ture .  
 
3.5 .3  UK Funding Structure of  e -Research Act iv i t i es 
I n  t he  UK,  the  J ISC –  Jo in t  In f o rmat ion Sys tems Comm i t t ee  was  
es tab l ished  in  1993 .  The  commi t t ee  has  t he  respons ib i l i t y  to  dea l  w i th  
ne twork ing  and  spec ia l i s t  i n fo rmat ion  serv i ces ,  p rov ide  t hese  serv ices  
wh i le  exerc i s ing  v i s ion  and  leadersh ip  i n  b r ing ing  abou t  deve lopments  
fo r  the  benef i t  o f  the  H igher  Educa t ion  counc i l s  f o r  Scot land ,  W ales  
and Eng land .  The  J ISC fu r t her  suppor t s  a  range  o f  nat iona l  
i n f ras t ruc ture  se rv i ces  t o  address  t he  needs  o f  the H igher  Educa t ion  
and Fur ther  E duca t ion  commun i t ies  i n  t he UK.  The  J ISC is  l a rge ly  
respons ib le  f o r  t he  implem entat i on  o f  e -Research,  o r  e -Sc ience as  i t  i s  
known in  the  UK.  
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The  J ISC i s  f unded  by i ns t i tu t i ons  such  as  t he h igher  educa t ion  
fund ing  counc i l  f o r  Eng land  and the  educat ion  f und ing  counc i l  f o r  
W ales .  These  are  l a rge ly government - f unded counc i ls .  
 
Accord ing  to  Hey and  Trefe then  (2002) ,  under  the  UK Government ’s  
Spend ing  Rev iew in  2000 ,  t he  UK ’s  Of f ice  o f  Sc ience and  Techno logy  
(OST)  was  a l l oca ted  £98M to  es tab l i sh  a  3 - yea r  e -Sc ience  R&D 
Programm e.  They f u r ther  i nd i cate  t ha t  th i s  e -Sc ience in i t i a t i ve  spans  
a l l  t he  research  counc i l s— the  B io techno logy  and B io log ica l  Sc iences  
Research  Counc i l  (BBSRC),  the  Counc i l  f o r  t he  Cent ra l  Laborato ry o f  
the  Research  Counc i l s  (CCLRC),  the  Eng ineer ing and  Phys ica l  
Sc iences Research  Counc i l  (EPSRC) ,  t he  Economic  Soc ia l  Research  
Counc i l  (ESRC),  t he  Med ica l  Research  Counc i l  (MRC) ,  t he  Natura l  
Env i ronment  Research  Counc i l  (NERC)  and  the  P ar t ic le  Phys ics  and  
Ast ronomy Research  Counc i l  (PPARC) .  A  spec i f i c  a l l oca t ion  was  made 
to  each  Research Counc i l  ( shown be low) .  As  is  common in  Depar tment  
o f  T rade  and  I ndus t r y (DTI )  programm es,  the  DTI  con t r ibut i on  o f  £20M 
requ i res  a  m atch ing  con t r i but i on  f rom indus t ry (Hey and  Tref e then ,  
2002) .   
 
F i g u r e  1 4 :  S t r u c t u r e  a n d  F u n d i n g  f o r  U K  e - S c i e n c e  P r o g ra m m e  ( H e y  a n d  
T r e f e t h e n ,  2 0 0 2 )  
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W hi le  the  UK expec ts  i nvestment  f rom indust ry,  i n  Aust ra l i a  t he  
i n i t i a t i ves  were  la rge ly f unded  through  government  a lone  (A lber t a ’s  
Cyber  I n f ras t ruc tu re  t ask f o rce ,  2006) .  Many au thors  i nd icate  t hat  to  
implement  and  sus ta in  e -Research  in i t i a t i ves  requ i res  cons iderab le  
i nvestment  and suppor t  f rom government .  
 
AERIC (The  Aus t ra l i an  e -Research I n f ras t ruc tu re  Counc i l ,  2006)  
i nd i cated  t hat  t he re  i s  tens ion  between encourag ing  co l labora t i on  in  
the  investment  i n  and  use o f  research  in f ras t ruc tu re  on  t he  one hand ,  
and compet i t i ve  f und ing  f or  research  on  t he  o ther .  They f ur t her  
i nd i cate  tha t  i nc reas ing ly,  r esearchers  a re  be ing  asked  t o  address  
p rob lems t hat  canno t  be so lved  by t eam s wi th in  a  s ing le  i ns t i tu t i on or  
o rgan isa t ion.  The research  env i ronment  now has  a  l a rger  number  o f  
pa r t i c ipan ts ,  and to  ach ieve  c red ib i l i t y ,  research teams must  poo l  
resources  and  combine in t e l l ec tua l  power  (AERIC,  2006) .  
  
Converse ly,  the  m ajo r i t y  o f  fund ing  f o r  research is  d is t r i buted  on  a  
compet i t i ve  bas is .  Th is  i s  o f t en  t he  case  f o r  spec i f i c  research  p ro jec ts ,  
where  f und ing  i s  usua l l y  ta rge ted  w i th in  a  s ing le  d i sc ip l i ne  (AERIC,  
2006) .  W hi le  compet i t i on  i t se l f  can encourage  innova t ion ,  i t  i s  a t  odds  
w i th  t he  requ i rement  t o  poo l  r esources  to  rema in  com pet i t i ve  on  t he 
g loba l  s t age  (AE RIC,  2006) .   
 
3.5 .4  South  Af r ican Funding St ructure fo r  e-Research 
Act iv i t i es  
Major  e -Research  ac t iv i t i es  o r  i n f ras t ruc tu re  deve lopment ,  i n  Sou th  
Af r i ca  have  la rge ly been  f unded  by  the  Depar tment  o f  Sc ience  and  
Techno logy (DST,  2009) .  The  CSIR ’s  Meraka  I ns t i t u te  has  been 
respons ib le  f o r  the  implementat i on o f  the  Depar tm ent  o f  Sc ience  and  
Techno logy’ s  cyber in f ras t ruc tu re ,  wh ich  in  add i t ion  t o  SANReN 
(Backbone  Network ) ,  compr ises  t he  Cent re  f or  H igh  P er fo rmance  
Comput ing  and  the  p roposed “ve ry l a rge  da tase t s  data -s to rage  
in i t i a t i ve”  (DST,  2009) .  A  c lear  i nd ica t i on  o f  t he  to ta l  i nvestment  made 
in to  these in f ras t ruc tu res  cou ld  not  be  f ound .  
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Hav ing a  s ing le  Depar tment  f und  a l l  e -Research  ac t i v i t i es  i s  perhaps  
no t  i dea l .  As  Appe lbe (2010)  ind i ca ted f r om lessons  lea rned  in  
Aust ra l i a ,  i t  may be  necessary t o  f o rm  par t nersh ips  in  o rder  t o  f und  e -
Research  ac t i v i t ies .  As  A ppelbe  (2010)  f u r ther  i nd i cated  t hese  
par tnersh ips  should  poss ib l y  be  compr i sed o f  un ive rs i t ies ,  research  
ins t i t u t i ons ,  p rov inc ia l ,  and  f edera l  f und ing .  However ,  t he  UK 
programme showed t ha t  i nves tments  by i ndus t r y ( Hey  and  Tre f e then ,  
2002)  cou ld  a l so  ass is t  in  the  advancem ent  o f  e -Research.  Fund ing  e-
Research  can  t herefo re  be  seen t o  a l so  requ i re  co l labora t i on  between 
var ious  s takeho lders .   
 
Par t i cu la r l y  a t  t he  na t iona l  l eve l ,  the  benef i ts  o f  co l l aborat i on  a re  
many,  and  inc lude  cos t -shar ing  across  in f ras t ruc tu re  i nvestments ,  t he  
po ten t ia l  to  deve lop  new research  methods ,  new c ross -d i sc ip l i ne  
approaches ,  new re la t i onsh ips ,  and  enhanced  research  outpu ts  
(AERIC,  2006) .   
 
Th is  l eads  t o  the  need  f o r  g rea te r  coord ina t ion  and  overs igh t ,  
espec ia l l y  where  la rge  sca le  co l l abora t i on i s  be ing  under taken .  
 
3.5 .5  Coordinat ion and  Oversigh t  
The Aus t ra l i an  Government  (2006)  i n  t he i r  e -Research  S t ra tegy and  
Imp lementa t i on  Fram ework  repor t  i nd ica ted  t hat  a  commi t tee  should  be 
es tab l ished  to  p rov ide  the  s t ra teg ic  d i rec t i on,  d r i ve ,  engagement  and  
coord ina t ion  o f  research  g roups  invo lved  in  e -Research .  The  repor t  
fu r t he r  i nd ica ted tha t  t h i s  commi t tee  shou ld  be  es tab l i shed  a t  a  h igh  
leve l  and  answerab le  to  t he Min i s te r  f o r  Educa t ion ,  Sc ience  and 
Tra in ing  and  t he Min i s te r  f or  Commun ica t ions ,  I n fo rmat ion  Techno logy  
and t he Ar ts ,  and be  cha i red by the  na t iona l  e -Research  Leader .  
 
In  Aus t ra l i a ,  t he ro le  o f  co -o rd ina t ion  o f  ac t iv i t ies  i s  l a rge ly t he 
respons ib i l i t y  o f  AERIC –  Aust ra l ian  e -Research  In f ras t ruc tu re  Counc i l  
(AERIC,  2006) .  AERIC was  es tab l i shed  by t he  Depar tm ent  o f  
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Educat ion ,  Sc ience  and  Tra in ing  (DEST)  i n  Ju l y  2007  t o  oversee  t he  
P la t f o rms  fo r  Col l abora t i on  i nvestments  and  t o  repor t  t o ,  and  be  
gu ided  by ,  the  then  Nat iona l  Co l l abora t i ve  Research  In f ras t ruc tu re  
S t ra tegy (NCRIS)  Commi t t ee (NRIC) .  
 
The  J IS C in  t he  UK is  l a rge ly respons ib le  f o r  co-o rd ina t ing  e -Research  
ac t iv i t i es  f o r  educat ion  and  research  (J ISC,  2011) .  The  J ISC has  been  
respons ib le  fo r  s ta r t ing  many p ro jec ts  re la ted  t o  e -Research  bu t  a lso  
fo r  the  coord ina t ion ,  overs ight  and  f und ing  o f  these  ac t i v i t i es  (J ISC,  
2011) .  
 
F rom  the  UK and Aus t ra l i an  p rograms,  i t  was  shown t ha t  the re  i s  a  
need  f o r  the  coord ina t ion  o f  t asks  ac ross  the  f u l l  spect rum of  e-
Research  ac t iv i t ies .  To  manage th is  coord ina t ion  o f  under tak ings ,  i t  
can  be  seen tha t  bo th  the  UK and  A us t ra l i a  es tab l ished  commi t tee ’ s  or  
teams  to  oversee  the  var ious  ac t iv i t i es .  Th is ,  too ,  cou ld  poss ib ly  
succeed in  t he Sou th  Af r ican  con tex t .  
 
As  e -Research  ca l l s  fo r  a  f undamenta l  change  in  t he  way researchers  
work ,  many au thors  h igh l i gh t  the  need  f o r  cu l tu re  change .   
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3.6  Cu l ture  
e-Research techno log ies  shou ld  be used  t o  underp in  research,  cu l t u ra l  
change  in  research  ins t i tu t i ons  and  amongs t  r esearchers ,  and to  
p rov ide  a  p la t f o rm  fo r  shar ing  co l l ec t i ve  f ind ings and  m ethodo log ies  
be tween the  research ,  bus inesses  and  governm ent  sec to rs  (AERIC,  
2006) .  Accord ing t o  t he  OSI ,  e - In f ras t ruc ture  W ork ing  Group  (2004) ,  
the  cu l t u re  o f  shar ing  on  an  in t e rna t iona l  sca le  and  work ing  in  c ross -
cu l tu ra l  g loba l  work ing g roups  ca l l s  fo r  a  cu l tu re  change  f or  
researchers  and  research  ins t i tu t es .  Accord ing t o  van  Deven te r  (2011) ,  
the re  i s  a  f undamenta l  change  f or  researchers ,  who  p rev ious ly worked  
ind i v idua l l y  o r  i n  sma l l  g roups,  t o  work ing  in  l a rge  in t e rna t iona l  t eams,  
where  cu l tu ra l  d i f fe rences a t  var ious  leve ls  may in f l uence  work  
cu l tu re .  
 
In  re la t i on  to  cu l tu re ,  au thors  h igh l i gh t  t he need  f o r  leadersh ip  to  b r ing  
abou t  t he  requ i red  change ,  i n  o rder  to  implement ,  d r ive  and  coord ina te  
e -Research ac t iv i t i es .  
 
3.6 .1  Leadership  
I n t e rnat iona l  exper ience ,  par t i cu lar l y  i n  the  UK,  s t rong l y sugges ts  tha t  
success  in  engaging  the  research commun i ty  i n  e-Research  is  
assoc ia ted w i th  the  appo in tment  o f  a  “champion” ,  a  we l l - respected  
member  o f  t he  research  commun i ty ,  recogn ised  by government ,  t he  
research  sec to r  and  bus iness  as  t he  v is ib le  f ace  o f  e -Research 
(Sargen t ,  2006) .  S argen t  (2006)  and  Sargen t  ( 2007)  h igh l i gh t  t ha t  f or  
the  e -Research  s t ra tegy t o  be  e f fec t ive ;  i t  shou ld  be  championed  a t  
the  h ighes t  l eve ls  o f  t he research  commun i t y ,  governments  and 
indus t ry .   
 
A  champion  i s  f u r t her  needed  t o  f ocus  the  leadersh ip  o f  e -Research  by  
a r t i cu la t i ng  t he  v i s ion  and  engag ing  key s takeho lders  i n  t ak ing  t he 
s t ra tegy f o rward  (Sargen t ,  2006 ,  Houghton ,  et  a l . ,  2003) .  Th is  r equ i res  
a  c lea r  f ocus  and coord inat ion  o f  ac t iv i t ies  across  the  b road  spec t rum 
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o f  e -Research  s takeho lders .  Accord ing  to  (Sargen t ,  2006) ,  t he  
implementat i on s t ra tegy f o r  e -Research  w i l l  requ i re  s t rong  leadersh ip  
as  t he  cata l ys t  to  d r i ve  t he agenda .  The  appo in tment  o f  such  a  person 
was  a  c r i t i ca l  success  f ac to r  fo r  t he  e -Sc ience  I n i t i a t i ve  i n  t he  UK 
(Sargen t ,  2006) .  
 
The  Aus t ra l ian  Government  (2006)  i nd i cated  t ha t  t he  e -Research  
champion  shou ld  shape  t he  cu l tu re  and  dynamics  o f  t he  e -Research 
s t ra tegy.  They f u r t her  ind i cated  tha t  t he  e -Research  champion  shou ld  
ex i s t  w i t h in  the  opera t i ona l  s t ruc tu re ,  i nc lud ing  w i th in  governments ,  
un ive rs i t ies ,  pub l i c l y  f unded  research  ins t i t u t ions  and  indus t ry ,  and  
shou ld  i n f l uence these  o rgan isat ions  to  t rans form  prac t i ces  and  
cu l tu ra l  behav iours ,  and  genera te  en thus iasm fo r  e -Research 
methodo log ies .  
 
Fur t her ing  t he e -Research  agenda  i s  as  much  abou t  people  as  i t  is  
abou t  t echno logy,  because  e -Research is  cha l l eng ing  ex is t i ng 
research  p rac t ices  and  cu l tu res  (Houghton ,  et  a l . ,  2003) .  There  i s  a  
need  f or  s t rong  leadersh ip  t o  a r t i cu la te  t he  v i s ion  and  engage  key  
p layers  i n  t ak ing  t he  s t ra tegy fo rward in  a  coord ina ted  manner  
(Sargen t ,  2006) .  Lo rd  and MacDona ld  (2003)  agree  w i th  Sargen t  
(2006)  and  h igh l i gh t  tha t  a  cu l tu re  change  may be  requ i red  in  research  
env i ronments .  
 
Sargen t  (2006)  recommended in  h i s  repor t  t hat  t he  government  shou ld  
appo in t  an  e -Research  Leader  to  fac i l i t a t e  t he  e -Research  re fo rms  and 
to  cham pion  t he  e -Research v is ion.  He f ur ther  recommends  tha t  an e -
Research  Commi t tee  be appo in ted  to  s t eer  t he  implem enta t i on  o f  t he 
e -Research  S t ra teg ic  F ram ework ,  i n  consu l t a t i on  w i t h  t he  research  
sec to r  and o ther  s t akeho lders .   
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3.6 .2  Technica l  Exper t ise  and S ki l ls  Development  
I n  Aust ra l i a ,  i t  was  f ound  tha t  a  deeper  and  more  rap id  up- take  o f  e -
Research  wou ld  requ i re  a  cons iderab le  i nc rease in  t he number  o f  
researchers  w i t h  t he  conf idence,  knowledge  and  t echn ica l  sk i l l s  to  
under take  e -Research ,  and  in  t he number  o f  IT  spec ia l i s ts  who  cou ld  
suppor t  or  par t i c ipa te  i n  e -Research  p ro jec ts  w i t h  domain -based  
researchers  (Aus t ra l i an  Government ,  2006) .  
 
The  NRIC (2006)  f ound  t ha t  i nves tment  wou ld  be  needed  in  t he  
exper t i se  and capab i l i t i es  requ i red  t o  address  t he  many t echn ica l  
cha l l enges  to  be  so lved  in  deve lop ing enab l i ng  p la t fo rms  and  app ly ing 
them ef f ec t i ve ly  to  the  task  o f  p roduc ing  more  co l l abora t i ve  and  be t t er  
research.  I n  add i t i on  t o  the  exper t i se  requ i red in  the  deve lopment  and 
implementat i on phases ,  ano ther  s ign i f i cant  i ssue i s  t he  sk i l l  se ts  
requ i red  to  suppor t  the  researchers  (NRIC,  2006) .  No t  every  
“ researcher  can  be  a  p rogrammer ,  o r  a  d ig i ta l  l i b ra r ian ,  i n  add i t i on  t o  
meet ing  t he  ex tens ive  demands o f  t he i r  own par t i cu la r  p ro f ess iona l  
d i sc ip l i ne”  (NRIC,  2006 :  53) .  The  NRIC (2006)  f ound,  the refo re ,  t hat  i t  
i s  impor tant  t o  deve lop  and  reward  t he  new and  emerg ing  occupat ions  
tha t  a re  ab le  t o  p rov ide  the  necessary t echn ica l  exper t i se .  
 
The  NRIC (2006)  adv ised  that  i n  o rder  to  have the  bes t  chances o f  
ensur ing  t he h ighes t  qua l i t y  con ten t  o f  research  ou tpu t s  a t  t he  ear l i es t  
s tage  o f  the  research  process,  i t  may a l so  be  necessary  t o  i ncorpora te  
i n f o rmat ion  management  p ro fess iona ls  i n to  research  t eams.  They  
fu r t her  i nd i cate  tha t  such  p ro f ess iona ls  m ay ass i s t  researchers  w i t h  
the i r  i n f ormat ion management  needs  and  a l so deve lop  gu ide l i nes ,  
too l s  e tc ,  fo r  pa r t i cu la r  d i sc ip l ines  o r  par t i cu la r  needs .  
 
Sargen t  (2007)  and  O ’B r ian  (2005)  h igh l i gh ted  the  need  f o r  sk i l l s  
deve lopm ent .  Sargen t  (2007)  i nd i ca ted  in  the  e -Research  s t ra tegy f or  
Aust ra l i a  t ha t  th ree par t i cu la r  sk i l l s  groups  wou ld  need  to  be  
es tab l ished  o r  s t reng thened  in  o rder  t o  successf u l l y  imp lement  e-
Research.  The  t h ree  sk i l l s  g roups  iden t i f i ed  by Sergen t  (2007)  a re :   
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  Researchers  who  need  to  be  conf iden t  and p ro f ic ient  i n  e -Research 
  P ro f ess iona ls  who  can  t r ans la te  be tween research  domains  and  t he 
necessary  ICT spec ia l i s t  knowledge ,  t o  ass i s t  researchers  to  use 
advanced  ICT and in f ormat ion  management  methodo log ies ;  and  
  exper ts  i n  ICT and  in f o rmat ion  management  who can  app ly t he i r  
h igh  leve l  knowledge  and ab i l i t y  to  par t i cu la r  research  p ro jec ts  and 
to  the  research,  deve lopment  and  dep loyment  o f  e -Research 
enab l i ng  too ls ,  serv i ces  and  m ethodo log ies .  
 
In  t he  UK,  t he  J ISC a lso  saw a  need  f o r  sk i l l s  deve lopment  and  
es tab l ished  the J ISC NetS k i l l s  p ro jec t ,  wh ich  p rov ides  s ta f f  
deve lopm ent  se rv i ces  (J ISC,  2011) .  Cont inua l  deve lopment  o f  s ta f f  
sk i l l s  i s  v i ta l  t o  un ive rs i t i es  and  co l l eges  seek ing  t o  f u l l y  embrace  t he 
cha l l enges  and  oppor tun i t i es  a r is ing  f r om the  adop t ion  o f  new and 
innova t ive  technology (J ISC,  2011) .  
 
 
The  purpose  o f  s k i l l s  deve lopment  ac t iv i t i es  wi t h in  t he  e -Research  
St ra teg ic  F ramework ,  wou ld  be  t o  p rov ide  capab le  e -Research  
p rac t i t i oners  f o r  un ive rs i t i es  and  indus t ry,  to  t ra in  exper ts  t o  ass is t  
researchers  to  use  advanced  ICT  sys tems and  too ls  i n  the i r  research 
and to  c rea te  a  poo l  o f  p ro fess iona ls  who  can  des ign ,  operate  and  
ma in ta in  advanced  ICT sys tem s and  p la t f o rms  on  wh ich  e -Research 
w i l l  depend (Aus t ra l i an  Governm ent ,  2006) .  
 
F rom  the  l i t e ra ture  rev iewed in  sec t ions  3 .5  and  3 .6 ,  au thors  have  
h igh l i gh ted  t hat  va r ious  ac t i v i t i es ,  such  as  DST fund ing,  co -o rd inat ion 
o f  ac t iv i t i es  and  sk i l l s  deve lopment  wou ld  be  necessary to  imp lement  
e -Research  na t iona l ly  and  in  i nd i v idua l  i ns t i tu t i ons .  These components  
i nd i cated  can  thus  poss ib l y  f o rm  par t  o f  t he  com ponents  mak ing  up  t he  
f ram ework  fo r  e -Research  as  shown in  F igure 15 be low.  
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F i g u r e  1 5 :  e - R es e a rc h  G o ve r n a n c e  a n d  S k i l l s  D e ve l o p m e n t  
 
I t  was  es tab l i shed  tha t  e -Research i s  composed  of  many d i f f e r i ng  
components  and  a l so  ac t iv i t i es  a re  requ i red ,  they f ur t her  h igh l i gh t  that  
co l l abora t i on  on a l l  l eve ls  i s  essen t ia l  to  b r ing ing  abou t  e -Research.  
 
3.7  Summary 
The chap ter  p rov ided  an  overv iew of  t he  var ious  com ponents  mak ing 
up  the  e -Research  parad igm as  desc r ibed  by  var ious  au thors .  In  t e rms  
of  sys tems,  va r ious  com ponents  a re  exp la ined ,  such  as  g r id  
techno log ies ,  d ig i ta l  repos i t or i es  and  ne tworks .  
 
The  f und ing  s t ruc tures  o f  t he  UK and  Aus t ra l i a  e -Research  in i t i a t i ves  
a re  desc r ibed  and  in tang ib le  aspec t s  such  as  leadersh ip  and  co-
o rd ina t ion  a re  h igh l i gh ted  as  be ing  impor tan t  t o  the  successf u l  
implementat i on o f  an  e-Research  s t ra tegy.  The  need  f o r  sk i l l s  
deve lopm ent  i s  em phas ised t owards  t he  end o f  the  chap te r .  
 
The  l i t e ra tu re  rev iew led  to  t he  iden t i f i ca t i on  o f  e lem ents / components  
tha t  shou ld  be  inc luded  in  a  f ramework  f o r  the  imp lem enta t ion  o f  e-
Research  in  South Af r ica  so  that  i ns t i t u t ions  conduc t ing  research  
cou ld  a lso  p lan  t he i r  own par t i c ipa t ion  i n  t h is  new research  parad igm.   
 
The  l i t e ra ture  rev iew f ur t her  h igh l igh ted  t hat  mos t  o f  the  components  
i den t i f i ed  i n  the  Aus t ra l i an  and  UK e-Research  p rograms  were  f unded  
by government ,  o r  t h rough  government  es tab l ished  ins t i tu t i ons  
respons ib le  f or  f und ing  and  oversee ing  e -Research  ac t iv i t ies  i n  t hose 
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coun t r i es .  Th is  has  led  to  an  ear l y  i den t i f i ca t i on  o f  the  need t o  conduct  
fu r t her  research  on  what  f o rmat  fo r  f und ing  wou ld  be  app l i cab le  to  a  
deve lop ing  count ry such  as  Sou th Af r ica .  
 
The  nex t  chapter ,  chap te r  4 ,  exp la ins  the  research  des ign  and 
methodo logy used  f o r  t he  s tudy.  Da ta  co l l ec t i on and  ana l ys i s  methods  
fo r  t h is  s tudy a re  exp la ined  in  t h i s  chap te r .  
 
e - R e s e a r c h :  A n  I m p l e m e n t a t i o n  F r a m e w o r k  F o r  S o u t h  A f r i c a n  O r g a n i s a t i o n s  
 
-  73  -  
CH APTER 4 :  RESE ARCH METHODOLOGY 
4 .1  In t roduct ion 
The purpose  o f  research  can  be  seen  as  an  inves t iga t i on  i n t o  spec i f i c  
i ssues  in  bus iness  (Co ldwe l l  and  Herbs t ,  2004) ,  as  we l l  as  to  expand  
what  was  f ound  in  t he  l i t e ra tu re  to  i nc lude  loca l  f ind ings ,  i n  o rder  to  
bu i l d  a  deeper  unders tand ing  t hereof  (Co ldwe l l  and  Herbs t ,  2004) .  
Th is  research set  ou t  t o  es tab l ish  a  m ore ho l i s t i c  unders tand ing  of  t he  
va r ious  com ponents  t hat  make up  t he  e -Research parad igm.  I t  i s  
hoped  tha t  a  deeper  unders tand ing  o f  the  ho l i s t i c  p i c tu re  and  t he  
var ious  components  that  make  up  t he p i c tu re  w i l l  ass is t  o rgan isat ions  
in  the i r  s t ra tegy deve lopment  and  imp lementat i on o f  e -Research 
in i t i a t i ves .  
 
A l though  t he  l i t e ra tu re  rev iew repor t ed  here  i n  Chap te r  3 ,  i s  ex tens ive  
i t  was  seen  as  i nappropr ia te  t o  use  on l y l i t e ra tu re  when des ign ing  a  
f ram ework  t ha t  w i l l  i nvo lve such a  w ide  a r ray o f  s t akeho lders .   I t  was  
deem ed necessary  t o  use  qua l i ta t i ve  methods  t o  ga in  f eedback  on  and  
fu r t her  i ns ight  i n to  the  des ign  o f  an  e -Research  f r amework  f or  South  
Af r i ca .   In  par t i cu la r  i t  was  dec ided  t o  use  a  f ocus  g roup  d i scuss ion  
and sem i -s t ruc tu red  in t e rv iews  t o  do  so .   Both  o f  these  methodo log ies  
as  we l l  as  t he  reason ing  beh ind  do ing  so  are  desc r ibed  in  more  de ta i l  
i n  t he  sec t ions  tha t  f o l low.  
 
4.2  Research Design Pr inciples 
Brym an and  Be l l  (2007)  i nd i ca te  t hat  the  purpose  o f  research  des ign  is  
to  p rov ide a  road  map of  the  who le  research  p ro jec t .  I t  shou ld  i nc lude 
c lear  gu ide l i nes  and  p rocedures  wi t h  regard  t o  wha t  one  in t ends  t o  do  
and when.  Cooper  and  Sch ind le r  (2001)  i n  Co ldwe l l  and  Herbs t  (2004)  
i nd i cate  t ha t  wh i le  the re  are  d i f f e r ing  v iews  on  what  a  research  des ign  
i s ,  the re  are  under l y ing  p r inc ip les  wh ich a re  common to  the  var ious  
research  des ign  de f in i t i ons .  These p r inc ip les  as  de f ined  by  Cooper  
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and Sch ind le r  (2001)  i n  Co ldwe l l  and  Herbs t  (2004)  as  we l l  as  B ryman  
and Be l l  (2007)  cou ld  be  conso l i dated t o  be as  f o l l ows :  
  The  des ign is  an ac t iv i t y ,  a  t ime based  p lan;  
  The  des ign is  based  on  the  research  ques t ion .  The ques t ion t hat  was  
s tud ied f ur t her  in  t h is  research was  t o  de term ine wh ich  components  
make  up the e -Research parad igm and  how or  a t  wha t  l eve l  ( nat iona l  
o r  i ns t i tu t i ona l )  t hese  components  cou ld  poss ib ly  be  funded ;  
  The  des ign gu ides  t he  se lec t i on o f  sources and  t ypes  o f  i n f o rmat ion ;  
  The  des ign is  a  f ramework  f o r  spec i f y ing  the  re la t i onsh ip  among t he 
s tudy ’s  var iab les  and  t heref ore  a  f ramework  was  des igned  and  w i l l  
be t es ted w i th  knowledgeab le  exper ts  i n  a  f ocus group  d i scuss ion ;  
  The  des ign p rov ides  a  f ramework  o f  ev idence ;  
  The  des ign ou t l i nes  p rocedures  f or  every research ac t iv i t y  wh ich  
ensures  that  t he research  i s  re l i ab le ,  rep l i cab le  and  va l i d .  
 
B rym an and  Bel l  ( 2007)  a l so  i nd ica te  tha t  i t  i s  essen t ia l  t o  l i nk  a  
research  des ign,  such  as  exper imenta l  research ,  comparat ive  research  
o r  c ross -sect iona l  r esearch  des igns  to  a  research m ethod ,  such  as  
qua l i t a t i ve  o r  quan t i t a t i ve  research,  when  p lann ing  a  research  p ro jec t .  
As  was  ind ica ted i t  was  f ound  t hat  qua l i t at i ve  research  wou ld  be  most  
appropr ia te  approach  and  method  in  t h is  i ns tance.  
 
4.3  Research Approach  and Method 
I n  unders tand ing  research  and  t he  need  f o r  methods o r  approaches  t o  
research,  De  Vos ,  S t rydom,  Fouché  &  Delpor t  (2005) ,  ind ica te  tha t  
i r respect ive  o f  wha t  one  wants  to  f ind  ou t ,  o r  wha t  f ac ts  one  w ishes  t o  
acqu i re ,  t he re  i s  a  p rocess  invo lved ,  a  p rocess  o f  enqu i ry .  They  
theref o re  i nd icate  tha t  a  research methodo logy re f e rs  t o  t he way i n  
wh ich  to  so l ve prob lems,  i . e .  the research  p rocess .  De  Vos ,  et  a l . ,  
(2005)  i nd i ca te  tha t  t he re  a re  two  we l l - known and  recogn ised  
approaches  to  the  research p rocess,  be ing  t he qua l i t a t i ve  and 
quan t i ta t i ve  approaches .  
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Myers  (2009)  ind i ca ted  t hat  qua l i t a t i ve  research  methods  were  
deve loped  in  the  soc ia l  sc iences  to  enab le  researchers  to  s tudy soc ia l  
and cu l tu ra l  phenomena,  wh i le  quan t i ta t i ve  methods  o f  research  a re  
desc r ibed  by Char leswor th ,  Lawton ,  Lewis ,  Mar t i n  &  Taylo r  (2003)  as  
hav ing  been  der i ved  f rom sc ient i f i c  p rac t i se  and  is  dependent  on  t he  
use  o f  s c ien t i f i c  method ,  i nc lud ing s ta t i s t i ca l  ana lys i s .  
 
Co ldwe l l  and  Herbs t  (2004)  i nd ica te  tha t  in f o rmat ion  i s  cons idered to  
be  qua l i t a t i ve  i n  na tu re  i f  i t  canno t  be  ana lysed  by m athemat ica l  
techn iques,  wh i l e  when  re f e r r i ng  to  methods  o f  research  B rym an and  
Be l l  (2007) ,  and  ind i ca te  tha t  qua l i ta t i ve  research  may be  cons t rued  as  
a  research  s t ra tegy tha t  usua l l y  emphas ises  words  ra ther  t han 
quan t i f i ca t i on  i n  t he  co l l ec t i on  and  ana l ys i s  o f  da ta .  S i l be rgh  (2001)  
i nd i cated  on  the  o ther  hand ,  tha t  qua l i t a t i ve  research  methods  shou ld  
no t  be  seen  as  mere  desc r ip t i on.  S i l be rgh  (2001)  goes  on  t o  s t a te  that  
though  num er ica l  p rocedures  are  no t  essent ia l l y  i nvo lved,  l og ica l  
tes t i ng  and  a rgument  a re  j us t  as  impor tant  as  i n  more quan t i ta t i ve  
methods.   
 
B rym an and  Be l l  ( 2007)  i n f e r  t ha t  t he quan t i t a t i ve  researcher  i s  
essen t ia l l y  p reoccup ied  w i t h  m easurement ,  causa l i t y ,  genera l i sa t i on 
and rep l i ca t i on .  The  qua l i t a t i ve  researcher  on  the  o ther  hand ,  is  
desc r ibed  as  be ing p reoccup ied  w i t h  see ing  t h rough  t he  eyes  o f  the  
peop le  be ing  s tud ied ,  w i th  desc r ip t i on  and  em phas is  on  con tex t  and 
f l ex ib i l i t y ,  and  l im i t ed  s t ruc tu re ,  concep ts  and  t heory  be ing  g rounded  
in  da ta .   
 
Based  on  the  d i f fe rences  s ta ted  be tween qua l i ta t ive  and  quan t i ta t i ve  
research,  a  qua l i ta t i ve  approach  has  been  se lec ted  as  t he  approach  to  
be  taken  f o r  t h is  research  s tudy .  The  in f o rm at ion  be ing  ana lysed  
canno t  be  under taken  in  a  numer ica l  way,  and  t he  focus  o f  the  s tudy  
w i l l  p redominan t l y  emphas ise  an induc t ive  approach  to  the  re la t i onsh ip  
be tween theory  and  research,  i n  wh ich  t he  emphas is  i s  p laced  on  t he  
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genera t ion  o f  theor ies .  For  t h i s  reason ,  a  qua l i t a t i ve  approach  ra ther  
than  a  m ixed  approach  o r  quant i ta t i ve  approach,  w i l l  be  taken  t o  t he 
research.  
 
The  rev iew of  l i t e ra tu re  ex is t ing on  the  t op ic  p rov ided  a  good  
founda t ion  f or  unders tand ing  t he  bas ics  o f  e -Research .  The  research 
can  be  par t i a l l y  desc r ibed as  an  in te rne t  based  content  ana lys i s .   
 
 
 
For  the  f i r s t  two ob jec t ives  o f  the  research  p ro jec t ,  an  ex tens ive  
rev iew o f  ex is t i ng  l i t e ra tu re  was  under taken .  (As  t he  essence  o f  e-
Research  i s  about  i n te rne t  based  open  access  t o  i n fo rm at ion,  much of  
the  i n f o rmat ion re la t i ng  to  t he  var ious  e -Research  p rograms cou ld  
eas i l y  be  f ound  on t he in te rnet ) .   
  
 
 
Based  on t he  f i nd ings  f rom  the  l i t e ra tu re ,  t he  SA RIS  f ramework  o f  e-
Research components  was  ex tended  and  e laborated  on.   
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A  f ocus  group  d i scuss ion  was  se lec ted  spec i f i ca l l y  to  va l ida te  t he 
f ram ework  and t o  enhance  recommendat ions .  B rym an and  Be l l  (2007)  
i nd i cate  t hat  t he f ocus  g roup  techn ique  i s  a  method  o f  i n t e rv iewing  
tha t  i nvo lves  more  than  one  ind i v idua l .  Usua l ly  a t  l eas t  t hree  
in te rv iewees  a re  g i ven  the  oppor tun i t y  t o  d i scuss  an  i ssue  o r  i ssues.  
They f u r t her  i nd i cate  that  the  purpose  o f  a  focus  g roup  i s  t yp i ca l l y  t o  
emphas ise  a  spec i f i c  t heme or  t op ic  t hat  i s  exp lo red in  dep th .  B ryman 
and Be l l  (2007)  a l so  i nd ica te  tha t  t he  focus  g roup  p rac t i t i oner  is  
i nvar iab l y  i n t e res ted  in  the  ways  in  wh ich  ind i v idua ls  d is cuss  a  ce r t a in  
i ssue as  mem bers  o f  a  g roup ,  ra ther  than  s imp ly as  ind i v idua ls .   
 
Because  the  SARIS  g roup  d id  no t  i nc lude  Sou th A f r icans  cur rent ly  
i nvo lved  in  e -Research  in f ras t ruc ture  deve lopm ent ,  i t  was  dec ided  t o  
use  a  second  quan t i t a t i ve  method ,  sem i - s t ruc tured  in te rv iewing ,  to  
ga in  f eedback  f r om  sen ior  s ta f f  a l ready appo in ted  to  address  spec i f ic  
aspec ts  o f  t he  p roposed  f ramework .  A  semi -s t ruc tu red  in t e rv iew,  
accord ing  t o  B rym an and  Be l l  (2007) ,  t yp i ca l l y  re fe r s  t o  a  contex t  i n  
wh ich  t he  in t e rv iewer  has  a  se r ies  o f  ques t ions  t ha t  a re  i n  a  genera l  
fo rm  of  an  in ter v iew schedu le ,  bu t  i s  ab le  to  va ry  the  sequence  o f  
ques t ions .  The ques t ions  are  somewhat  more  genera l  i n  t he i r  f rame of  
re fe rence  than  t hose  t yp ica l l y  f ound  in  a  s t ruc tu red  in te r v iew (B ryman 
and Be l l ,  2007) .  Th is  f orm  of  i n terv iew a l so  p rov ides  t he  in te rv iewer  
l a t i t ude  to  ask  f ur ther  quest ions  in  r esponse  t o  wha t  a re  seen  as  
s ign i f i cant  answers  (B ryman and  Be l l ,  2007) .  Th is  method  was  used  to  
ga in  f u r ther  i ns igh t  i n to  how the f ramework  cou ld  be  adap ted .  
 
4.4  Data  Col lect ion Methods 
Fi rs t l y ,  ava i l ab le  l i t e ra tu re  on  the  top ic  was  rev iewed.  The  ma in  
purpose  o f  rev iewing  t he  ava i l ab le  l i t e ra tu re ,  accord ing  t o  B ryman and  
Be l l  ( 2007) ,  i s  to  de te rm ine what  i s  a l ready known abou t  t he  area  o f  
i n te res t .  A  comprehens ive  l i t e ra tu re  rev iew was  under taken.  
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A f te r  comp let i on  o f  the  l i t e ra ture  rev iew,  c lea rer  pa ths  f o r  ex tend ing 
the  ex i s t i ng  e -Research f ram ework  become ev iden t .  W hen a  
p re l im inary des ign  f o r  t he  f r amework  o f  e -Research  components  was  
es tab l ished ,  a  f ocus  g roup  was  used  t o  ve r i f y  the  f i nd ings  and  im prove  
the  va l i d i t y  o f  t he research.  To  f ur ther  supp lement  t he  f ocus g roup ’s  
f i nd ings,  sem i -s t ruc tu red  in t erv iews  were  conduc ted .  An  i t e ra t i ve  
approach  was  used  as  new in f o rmat ion  cam e to  l i gh t .   
4.5  Popula t ion and Sample  
The popu la t i on  re fe rs  t o  t he  comple te  ‘ g roup  o f  people ,  i t ems  o r  un i t s  
under  i nvest igat i on ’  (Coldwe l l  and Herbs t ,  2004) .   
 
E isenhard t  (1989 :  537)  suppor t s  t he v iew tha t  random sampl ing  f or  a  
qua l i t a t i ve  s tudy i s  not  pre fe rab le .  The  emphas is  shou ld  ra ther  be  to  
choose  par t i c ipants  who  a re  l i ke l y  t o  rep l ica te  o r  ex tend  the  emergent  
theory .   To  meet  the  ob jec t ives  o f  t h i s  s t udy,  purpos ive  sam pl ing  w i l l  
be  emp loyed .  Purpos ive  sam pl ing  is  desc r ibed  by Leedy and  Orm rod 
(2001)  to  be  a  sam ple  o f  peop le  o r  un i t s  se lec ted  f o r  a  par t i cu lar  
purpose .  
 
The  m embers  o f  the  f ocus  g roup  were  iden t i f i ed  w i th  t he ass i s t ance  o f  
the  o r ig ina l  SARIS  g roup .  The  m embers  a re  e-Research  s takeholders  
and inc luded se lec ted  members  f rom un ive rs i t i es ,  l i b ra r ies ,  research 
ins t i t u tes ,  government  and  members  respons ib le  f o r  h igh  per f o rmance  
comput ing  in f ras t ruc tu re  i n  t he  coun t r y.  Th is  shou ld  be  regarded  as  
purpos ive sampl ing ra ther  t han  ensur ing  represent iv i t y .   
 
As  e -Research  is  a  re la t i ve l y  new concep t ,  se lec t i ng a  b road  sample,  
where  peop le  compr i s ing the  group  may no t  have  the  necessary 
background ,  exper ience  o r  i n f o rmat ion  abou t  t he  parad igm,  may skew 
resu l t s .  The  implementa t i on f ramework  wou ld  be  be t t er  t es ted  aga ins t  
a  knowledgeable  aud ience  who cou ld  p rov ide va luab le  f eedback  on  t he 
f ram ework .  P urpos ive sampl ing  was  used  fo r  de te rm in ing  the  f ocus  
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g roup  par t i c ipants  and  we l l  as  t he par t i c ipan t s  f or  the  sem i -s t ruc tu red  
in te rv iews .  
4.6  Data  Analys is  methods 
W hen a l l  i n f ormat ion  has  been  co l l ec ted  f or  the  con ten t  ana lys i s ,  an  
ana l ys i s  w i l l  be  done  on  t he  da ta .  The  con tent  ana l ys i s  a ims  to  
quan t i f y  con ten t  i n  t e rms  of  p rede term ined  categor ies ,  and  in  a  
sys temat ic  and  rep l i cab le  way (B ryman and  Be l l ,  2007) .  I n  o rder  t o  
de te rm ine  t he categor ies ,  the  task  o f  cod ing  wi l l  be  under taken .  
Co ldwe l l  and  Herbs t  (2004)  i nd i cate  tha t  cod ing  one ’s  da ta  re fe rs  to  
us ing  a  code  o r  symbo l ,  usua l l y  numer i ca l ,  to  represen t  responses  t o  
su rvey ques t ions .  They f u r ther  i nd ica te  t ha t  i t  i s  a  procedure  by  wh ich  
da ta  i s  o rgan ised and  ca tegor i sed  in t o  a  number  o f  c lasses .  Th is  i s  
done  to  reduce  the  la rge  vo lume of  da ta  i n t o  sma l le r  g roups  tha t  
con ta in  c r i t i ca l  i n fo rmat ion needed  f or  ana lys i s .  
 
A  com prehens ive  con tent  ana lys i s  o f  t he da ta  w i l l  be  under taken.  
B rym an and  B el l  (2007) ,  however ,  ind icate  tha t  one  d is t i nc t  
d i sadvan tage  o f  con ten t  ana lys i s  i s  the  f ac t  t ha t  i t  can  be  very l abour -  
i n tens ive ,  and  can  on ly be  as  good  as  the  documents  a re ,  on  wh ich  t he  
researcher  i s  work ing .  A dvan tages  o f  con tent  ana lys i s  i nc lude  i t s  
economy in  t e rms o f  bo th  t ime and  money,  wh i l e  a l so  a l l owing  f o r  t he 
cor rec t i on  o f  er ro rs  t o  sm al l  a reas  ra ther  t han  hav ing  to  redo  t he  
en t i re  p rocess  (Babb ie ,  2008) .  
4.7  Va l id i ty  and  Rel iab i l i t y  
Val id i t y  i s  not  poss ib le  w i t hout  re l i ab i l i t y ;  however  re l i ab i l i t y  i s  
poss ib le  w i thout  va l i d i t y  (Co ldwe l l  and  Herbs t ,  2004) .  Va l i d i t y  and  
re l i ab i l i t y ,  accord ing  t o  Neuman (2006)  a re  usua l ly  comp lementa ry  
concep ts ,  a l though ,  i n  some s i t uat i ons ,  t hey con t rad ic t  each  o ther .  
Somet imes,  as  va l i d i t y  i nc reases,  re l iab i l i t y  i s  more  d i f f i cu l t  to  a t ta in ,  
and v ice  versa .  
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Va l i d i t y ,  accord ing  to  Neuman (2006) ,  sugges ts  t ru th fu lness .  
G ravet te r  and  Forzano  (2003)  i n  De  Vos,  et  a l .  ( 2005) ,  re fe r  t o  va l i d i t y  
as  be ing  t he  ex tent  t o  wh ich  an emp i r i ca l  measure accurate l y  re f l ec ts  
t he  concept  i t  i s  i n t ended  to  measure .  On t he  o ther  hand ,  re l i ab i l i t y ,  
accord ing to  Neuman (2006) ,  means  dependab i l i t y  and  cons is t ency.  
“Cons is tency  i s  the  ha l lmark  o f  r e l iab i l i t y . ”  (Co ldwe l l  and  Herbs t ,  
2004 :  17) .  Per fec t  re l i ab i l i t y  i s  v i r tua l l y  imposs ib le  to  ach ieve,  
accord ing t o  Neuman (2006) .  Rather ,  i t  i s  an  idea l  a l l  researchers  
shou ld  s t r i ve  f or .   
 
To  improve the  va l id i t y  and  re l iab i l i t y ,  a  f ocus  g roup  was  se lec ted.  To  
f u r t her  improve  the  va l i d i t y  and  re l i ab i l i t y  o f  t he f i nd ings  o f  t he  f ocus  
g roup ,  sem i- s t ruc tured  in te rv iews  were  conduc ted  to  f u r t her  improve 
t he  va l i d i t y  and  re l i ab i l i t y  o f  t he f ind ings  o f  t he  focus  g roup .  The  use 
o f  ex is t i ng  l i t e ra tu re  i n  t he  research  s tudy was  a l so  a imed a t  
improv ing t he cons t ruc t  va l i d i t y  o f  the  research.   
 
4.8  Summary 
Chapte r  4  exp la ined  t he  p rocedures  and  techn iques  t hat  were  
emp loyed  to  exp lo re  t he  research ob jec t i ves .  The chap ter  d iscussed  
and  jus t i f ied  the  research  des ign,  the  da ta  co l l ec t i on p rocedures ,  data  
ana l ys i s  t echn iques  and  popu la t i on  and  sample  used  in  t he  research  
s tudy.  
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CH APTER 5 :  RESE ARCH RESULTS & D IS CUSSION 
5 .1  In t roduct ion 
As d iscussed  in  Chap te r  1  o f  t h is  repor t ,  t h is  s tudy set  ou t  t o  ga in  a  
be t t e r  unders tand ing  o f  the  va r ious  components  mak ing  up the  e -
Research  parad igm,  and  t o  i nves t igate  how these  components  are  
funded .  Th is  s tudy f u r t her  a imed t o  p rov ide  a  f ram ework  f or  
i ns t i t u t i ons  to  use when imp lement ing  an  e -Research  s t ra tegy,  t o  gu ide  
them on wh ich  components  t hey shou ld  be  implement ing .   
 
For  t he  sem i -s t ruc tu red  in t erv iews,  key ro le  p layers  were  in te rv iewed.  
The  key ro le  p layers  i n t e rv iewed a re  as  f o l l ows :  
•  Dr  Dan ie l  Adams,  Ch ie f  D i rec to r :  Emerg ing  Research Areas  &  
In f ras t ruc ture ,  Depar tm ent  o f  Sc ience  & Techno logy;  
•  Dr  Co l i n  W r ight ,  Manager :  C yber in f ras t ruc tu re ,  The  CSIR ’s  Meraka  
Ins t i tu t e .   
•  Dr  B ruce  Becker ,  Co-ord ina to r  f or  SAGr id ,  The  CSIR ’s  Meraka 
Ins t i tu t e .  
•  Mr  Roy Page-S h ipp ,  Re t i red  SARIS  p ro jec t  t eam leader  and  par t  
t ime lec tu rer  i n  In f o rmat ion and K nowledge  Management  a t  GIBS.   
 
Cont r i but ions  made by these  ro le  p layers  and  par t i c ipan t s  o f  t he  focus  
g roup  w i l l  be  re f l ec ted  in  t h i s  chap te r  anonymous ly.  Th is  chap ter  
repor ts  the resu l ts  o f  t he  s tudy on  a  per  ob jec t ive  bas is  and  ind i cates  
the  f ind ings  f rom the  f ocus  g roup  d i scuss ion  and sem i -s t ruc tu red  
in te rv iews  under taken .  
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5.2  F indings for  Research Object ive  1 :  UK and  Austra l ian  
Components of  e-Research & Fund ing 
The resu l t s  fo r  Ob jec t i ve  1  were  repor ted  ex tens ive ly  i n  Chap te r  3  and  
a f t e r  t he  qua l i t a t i ve  research  i t  was  conf i rmed that  a  South  Af r i can  
Mode l  wou ld  l ook  s im i la r  to  t hat  o f  the  UK and Aus t ra l i a .  
 
 
 
The  f o l l owing  sec t ion  repor ts  the  f ind ings  f o r  t he  above ob jec t ive  and  
ind i cates  bo th  the  com ponents  o f  e -Research  iden t i f i ed  as  we l l  as  t he  
var ious  sources  o f  f und ing  fo r  both  the  UK and  Aus t ra l i an  e -Research 
p rograms.  
 
5.2 .1  Components o f  e-Research 
I t  was  found  f rom the l i t e ra tu re  rev iew (Chapte r  3 )  done  on  the  UK and  
Aust ra l i a  e -Research  p rogrammes,  t ha t  the re  is  l a rge ly  a  consensus  on  
the  bas ic  components  o f  e -Research.  I t  was  f ound  tha t  bo th  the  UK 
and Aus t ra l i an  p rograms bu i l t  t he i r  e -Research  a round  a g r id / c loud  
a rch i tec tu re  o r  d is t r ibu ted  comput ing arch i tec tu re  (see  Sect ion  3 .1) ,  
compr i sed  o f  h igh  speed  ne tworks ,  h igh  per fo rmance  com put ing  and 
d ig i t a l  repos i to r ies .  Three  of  the  in te r v iewees  conf i rm ed t ha t  Sou th  
Af r i ca  wou ld  need  t o  do  t he  same,  and  in  m os t  r espec ts  have  a l r eady  
begun  imp lementat i on  o f  t hese  “ cyber in f ras t ruc tu re ”  components .  
 
Bo th  p rograms (UK and  Aus t ra l ia )  i nd i ca ted  that  m idd leware ( see  
sec t ion  3 .1 .4 )  wou ld  be  essen t ia l  to  b r ing  t hese  var ious  components  
toge ther  and  t o  a l l ow access  to  the under l y ing  a rch i tec tu re .  One of  t he  
i n te rv iewees  con f i rm ed tha t  gr id  m idd leware  wou ld  be  espec ia l ly  
impor tant  t o  b r ing  toge ther  the f unc t iona l i t ies  o f  t he  under l y ing 
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i n f ras t ruc ture .  A l l  i n te rv iewees  d id  no t  d i spute  t he  need  f o r  m idd leware  
and serv i ces .  
 
I t  was  f u r t her  found  tha t  t he  UK,  t h rough t he  J ISC (2011) ,  has  
es tab l ished  a  number  o f  programmes t o  address  t he  researcher ’s  
needs  in  te rms  of  too l s  and  app l i ca t i ons .  These inc lude  too ls  that  
address  v isua l isa t i on ,  access,  au thor i sat i on  and au then t i ca t i on,  
access  t o  i n f o rm at ion ,  commun icat ion  &  co l l abora t i on ,  d ig i ta l  cu ra t i on 
and p reservat ion ,  e - lea rn ing  and  pro jec t - spec i f i c  too l s .  In  Aus t ra l ia ,  
many o f  t hese needs  a re  a l so  be ing  addressed  th rough  na t iona l  
p rogrammes.  I n  the  f ocus g roup  d iscuss ion,  i t  was  h igh l igh ted  t ha t  t he  
deve lopm ent  o f  these  t oo ls  i s  no t  r ece iv ing much  at t ent ion  i n  South  
Af r i ca .  
 
The  Aust ra l i an  p rogramme h igh l i gh ted  t he  need  f or  a  body/commi t t ee 
such  as  AERIC.  Th is  body wou ld  be  respons ib le  f or  t he  co-ord ina t ion  
o f  a l l  research ac t iv i t i es  ac ross  t he  overa l l  i nves tment .  The  f ocus  
g roup  h igh l i gh ted tha t  such  a  body wou ld  be  necessary i n  South  
Af r i ca ,  but  h igh l i gh ted  t hat  i t  shou ld  be  compr i sed  o f  mul t i -d i sc ip l ina ry  
members .    
 
5.2 .2  Sources o f  Funding for  e-Research  
I n  Aus t ra l i a ,  f rom the l i t e ra tu re  (see  sec t ion  3 .5 .2 ) ,  i t  was  f ound  that  
the  government  f unded  many o f  the  e -Research  p ro jec ts ,  t h rough  t he  
NRIC (2006) .  F rom  the  in f o rm at ion f ound on  t he  f und ing  o f  e -Research  
ac t iv i t i es  i t  was  f ound  t hat  the  NCRIS ’s  po l i c ies  f o r  f und ing  are  such 
tha t  ma jo r  i n f r as t ruc tu re  i s  deve loped  on  a  co l laborat i ve ,  nat iona l ,  
non-exc lus i ve  bas is .  I n f r as t ruc tu re  funded  t h rough NCRIS  wou ld  se rve 
the  research  and  innova t ion  sys tem broad ly ,  no t  j us t  t he  hos t / f unded  
ins t i t u t i ons .  Funding  and  e l i g ib i l i t y  r u les  es tab l i shed by t he  Aus t ra l i an 
Government  encourage  co l l aborat ion  and  co- inves tment .  I t  was  f u r t her  
found  t hat  the  NCRIS  wou ld  no t  fund  ins t i t u t i ona l  l eve l  (o r  even  sm a l l -
sca le  co l l aborat ive )  i n f ras t ruc tu re .  In  t he  Aust ra l i an p rogramme fo r  e -
Research,  AE RIC (2006)  i nd i ca ted  t ha t  the re  i s  tens ion  between 
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encourag ing co l l abora t i on  in  t he  investment  i n  and  use  o f  research 
in f ras t ruc ture  on  t he one  hand ,  and  com pet i t ive  f und ing  f o r  research 
on  t he o ther .   
 
Th is  way o f  f und ing  e -Research,  however ,  p laces  a  l a rge  demand on  
resources  p rov ided  by  government  a lone .  In  coun t r ies  l i ke  South  
Af r i ca ,  where  f und ing  i s  scarce ,  government  f und ing  a lone  may no t  be  
suf f i c ien t  t o  imp lement  a  sus ta inab le  e-Research  f ramework .  The  f ocus  
g roup  and  th ree  o f  t he  i n te rv iewees  ind i cated  t hat  wh i l e  DS T cur ren t ly  
funds  many o f  t he e -Research  ac t i v i t i es  in  South  Af r ica ,  f or  th is  mode l  
to  be sus ta inab le ,  ex te rna l  f und ing/p r i va te  f und ing  wou ld  be  requ i red.  
 
In  t he  UK,  f rom the  l i t e ra tu re ,  sec t i on  3 .5 .3 ,  i t  was  found  t ha t  wh i l e  a  
l a rge  p ropor t i on  o f  t he  f und ing  f or  e -Research  came f rom government ,  
the re  were  a  number  o f  pa r tnersh ips  es tab l ished ,  espec ia l l y  be tween 
research  counc i l s  and  educa t ion  depar tments  t o  f und  t he  
in f ras t ruc ture .  As  i s  comm on in  Depar tment  o f  Trade  and  I ndus t ry  
(DTI )  p rogrammes,  t he  DTI  con t r i bu t i on  requ i red  a  match ing 
con t r ibut i on  f rom indus t r y (Hey and  Tref e then,  2002) .  The  f und ing  in  
the  UK was  f unnel l ed  t o  a  cen t ra l  body –  J ISC.  J ISC was  t hen 
respons ib le  f o r  d is t r ibu t i on  o f  t he  f unds ,  f rom the  f und ing  par t nersh ips ,  
i n to  e-Research  pro jec ts  and  ac t iv i t i es  as  are  requ i red .  
 
The  UK mode l  o f  f und ing  can  be  cons idered  to  be more  sus ta inab le  
over  t he  long te rm  than  t he  Aust ra l i an  mode l  i s ,  espec ia l l y  i f  be ing  
implemented  in  a  deve lop ing  coun t ry.  However ,  th is  may ca l l  f o r  t he  
rev iew of  nat iona l  f und ing  po l ic ies .  The  f ocus g roup  agreed  tha t  i n  t he  
l onger  t e rm,  the  UK mode l  f o r  fund ing  wou ld  be t te r  su i t  t he  needs  o f  
Sou th  Af r i ca .  
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5.3  F indings for  Research  Object i ve  2:  South  Afr ican  
Components of  e-Research & Fund ing 
L i te ra tu re ,  desc r ib ing  the  components  t o  be  cons idered  f o r  Ob jec t ive  
2 ,  was  repor ted  ex tens ive l y  i n  Chap te r  3 .  A f te r  the  qua l i ta t i ve  
research,  i t  i s  poss ib le  to  repor t  t ha t  many o f  t he  components  f or  
i n f ras t ruc ture  have  e i the r  a l ready been  imp lemented  o r  a re  i n  t he  
p rocess o f  be ing imp lemented .  
 
  
 
I t  was  es tab l i shed  tha t  Sou th  A f r i ca  has  f ocused  on  bu i l d ing  a  
“cyber in f ras t ruc tu re ” ,  wh ich i s  i nc lus i ve  o f  g r id  a rch i t ec tu re  (SAGr id ) ,  
h igh  speed  backbone  ne twork  (SA NReN)  and  H igh  Per fo rm ance 
Comput ing  (HP C).  The  f ounda t ion has  f u r t her  been  la id  f o r  a  d ig i ta l  
da ta  repos i t o ry ,  known as  t he  “Very  Large  Database” ,  a l t hough i t  i s  
s t i l l  t o  be  imp lemented .  Th is  was  con f i rmed by two  o f  t he  i n t e rv iewees.  
I t  was  f u r t her  f ound  (see  sec t ion 3 .2 .1 )  t hat  the re  a re  n ine  open  
access  repos i t o r ies  a t  severa l  academic  ins t i t u t i ons .  
 
In  t he  f ocus  g roup  d i scuss ion ,  i t  cam e to  l i gh t  tha t  p rogramm es f o r  
implement ing spec i f i c  components  o f  e-Research  were  be ing 
under taken ,  f o r  example ,  the  Academy o f  Sc ience  f or  Sou th  A f r ica ,  has  
p rogrammes f ocus ing  on  im prov ing  v i s ib i l i t y  and  open access  to  
j ourna ls ,  as  we l l  as  sk i l l s  deve lopm ent .    
 
The  f ocus  g roup and  one  o f  the  i n te r v iewees  s t rong ly i nd i ca ted  t he  
need  f o r  a  s t ra teg ic  v iew of  the  e -Research  deve lopm ents  cu r ren t ly  
be ing  under taken.  I t  was  h igh l i ghted  tha t  t here  are  poss ib l y  m any  
deve lopm ents  t ak ing  p lace ,  bu t  o ther  i ns t i t u t i ons  m ay no t  be  aware  o f  
them,  and  cou ld  poss ib l y  be dup l i ca t i ng  work .  Th is  emphas ises  t he 
need  f o r  a  body such  as  Aus t ra l i a ’ s  NRIC,  t o  oversee  a l l  e -Research  
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ac t iv i t i es ,  and  the  UK ’s ,  es tab l ishment  o f  J ISC,  to  ensure  cos t -
e f f ec t ive  and  s t ra teg ic  overs ight  o f  t he  ac t i v i t i es  t ak ing  p lace.  Th is  
was  conf i rmed as  be ing  impor tant  by the  f ocus  group .  One of  t he 
i n te rv iewees  a l so  i nd i ca ted t hat  s t r a teg ic  overs igh t  wou ld  be  
necessary  and  t ha t  t he  mem bers  m ak ing  up  t he  overs igh t  commi t t ee 
cou ld  par t i c ipa te  in  po l i cy deve lopment .  
 
The  South  Af r i can “cyber in f ras t ruc tu re ”  has  la rge ly  been  f unded  by t he  
Depar tment  o f  Sc ience  and  Techno logy p ro jec t  managed by  t he  Meraka  
Ins t i tu t e ,  a  d i v i s ion  o f  t he  CSIR.  Th is  was  conf i rmed by  t h ree  o f  t he 
i n te rv iewees .  I n  te rms  of  f und ing  there  was  f ound t o  be  l i t t l e  ind ica t i on  
tha t  government  po l ic ies  p romoted  co- inves tment  and  co l l abora t i on,  
such  as  was  seen  in  t he  A us t ra l i an  p rogram.  Th is  was  h igh l i gh ted  by  
the  f ocus  g roup  and  one  o f  t he in t e rv iewees  and  was  ind i ca ted  as  
poss ib l y  be ing  a  bar r ie r  t o  t he  imp lementa t i on  o f  e -Research.  The  
focus  g roup  and  two  o f  the  i n te rv iewees  sugges ted  tha t  co l labora t i on 
on  a l l  l eve ls  i s  necessary f o r  e -Research  to  be t ru l y  successfu l .  
5.4  F indings for  Research Object ive  3  &  4 :  A cal ibra ted 
f ramew ork  of  components for  e -Research 
L i te ra tu re ,  desc r ib ing  t he  components  t o  be  cons idered  f o r  t he 
ex tended  f r amework ,  was  repor ted ex tens ive l y  i n  Chap te r  3 .  A f te r  t he  
qua l i t a t i ve  research ,  i t  i s  poss ib le  to  repor t  tha t  many o f  t he 
components  i nd i ca ted  in  the  f ramework ,  shou ld  be  inc luded ,  w i th  some 
mod i f i ca t i ons .  
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F rom  the  rev iew of  l i t e ra tu re  in  Chap te r  3 ,  a  p re l im inary f ramework  f or  
components  o f  e-Research  was  d ra f t ed  (Shown in  Append ix  1 :  F igure  
27) .  Th is  f ramework  was  p resen ted  t o  the focus  g roup  and  
in te rv iewees  f or  fu r t her  d i scuss ion .   
 
5.4 .1  Components o f  e-Research 
The f ocus  g roup  vo iced  a  concern t ha t  the  f ramework  d id  no t  c lea r ly  
show how the  var ious  components  mak ing  up  e -Research  f l ow in to  one 
another  or  co -ex is t .  Th is  was  a l so  ind i ca ted  by In te rv iewee A ,  in  an  
in te rv iew,  where  i t  was  h igh l i gh ted  t ha t  a  f ramework  o f  th is  m agn i t ude 
was  d i f f i cu l t  t o  show in  two  d im ens ions .  I t  was  suggested  that  
research  cur ren t ly  be ing  under taken  shows  tha t  t he re  a re  poss ib ly  f i ve  
d imens ions  t o  e -Research.  I t  was  f u r t her  h igh l i gh ted  tha t  two 
impor tant  cons idera t i ons  shou ld  be tha t  o f  sca le  and  complex i t y ,  i n  
tha t  some researcher  commun i t i es  may have  la rge  sca le  data  bu t  very  
l i t t l e  comp lex i t y  i nvo lved  in  the  data ,  wh i le  o thers  may be  oppos i te .  
In t e rv iewee A  ind i ca ted  tha t  as  a  two  d imens iona l  dep ic t i on  o f  e-
Research,  the  f ram ework  i nd ica ted many o f  t he components  necessary  
fo r  e-Research.  Two of  t he i nt e rv iewees ,  as  we l l  as  mos t  o f  t he 
par t i c ipan ts  o f  the  f ocus  group,  f ound  tha t  t he  p re l im inary  f ramework  
con ta ined  mos t  o f  t he  components  mak ing  up  the  e -Research 
parad igm.  In terv iewee C  s ta ted  tha t  t he  f ramework  was  com prehens ive 
and ind i ca ted the cor rec t  layered  s t ruc tu re .  I n te rv iewee C  op ined  that  
the  f ram ework  showed what  the  e -Research landscape  shou ld  be.  
 
The  var ious  layers  mak ing  up  t he components  o f  the  e -Research 
f ram ework  a re  d iscussed in  the sec t ions  be low.  
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5 . 4 .1 .1  e -R esearch  In f rast r uc t u re  o r  “ Cyb er in f r ast r uc t u re”  
Co m po nent s  
The f ocus  g roup and  the  in te rv iewees  conf i rmed the  components  
i den t i f i ed  (see  F igure  10  in  sec t ion  3 .1 ) .  However ,  In t erv iewee D  
ind i cated that  some ins t i t u t ions  m igh t  not  requ i re  h igh  per f o rm ance 
comput ing bu t  wou ld  requ i re  comput ing  inf ras t ruc tu re  to  p rocess  and  
cap tu re  i n f orm at ion .  The  f ocus  g roup  and  two  o f  t he  i n te r v iewees  
ind i cated  t hat  due t o  t he  smal l  number  o f  i ns t i t u t i ons  requ i r i ng ne twork  
connec t i v i t y  the re  m ight  no t  be  t he need  f o r  bo th  p rov inc ia l  and  in ter -
i ns t i t u t i ona l  connec t iv i t y ,  bu t  t hat  i t  cou ld  be  one  o r  the  o ther .  
In t e rv iewee B sugges ted  tha t  the word ing  o f  p rov inc ia l  networks  be  
changed t o  reg iona l  ne tworks ,  as  t h is  would  i nd i cate  an  a rea ,  bu t  not  
l im i ted  to  a  p rov ince .   
 
The  f ocus  g roup  d i scussed  d ig i t a l  repos i t or i es  and h igh  per f o rmance  
comput ing  and  ind i ca ted  that  they were  compos i te  o f  two aspec ts ,  t he  
i n f ras t ruc ture  needed  f o r  these  repos i to r i es  o r  comput ing ,  and  t he 
serv ices  requ i red  t o  be  ab le  t o  s t o re  i n f o rmat ion .  I n te rv iewee C  
ind i cated  tha t  there  should  be  na t iona l  d ig i ta l  repos i t o r i es ,  as  we l l  as  
i ns t i t u t i ona l  d ig i ta l  r epos i to r i es .  For  t hese  reasons,  t he  i n f ras t ruc tu re  
l ayer  has  been  changed to  be as  f o l l ows :  
 
 
F i g u r e  1 6 :  e - R es e a r c h  I n f r a s t ru c t u r e  o r  “ c yb e r i n f r a s t ru c t u r e ”  
 
Bu i l t  on  top  o f  the i n f ras t ruc ture  l ayer ,  a  m idd leware and  serv i ces  
l ayer  i s  i nd i ca ted.  The  m idd leware  and  serv i ces  l ayer  i s  d i s cussed  in  
the  sec t ion be low.  
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5 . 4 .1 .2  Mid d leware  & Serv i ces   
The components  i den t i f i ed  (see F igure  11 in  3 .2 )  re la t i ng  t o  
m idd leware  were  no t  h igh l ighted  by  t he  f ocus  g roup  o r  any  o f  t he  
i n te rv iewees  as  be ing  incor rec t .  I n  an  in t e rv iew wi th  In te rv iewee D ,  t he 
d i s t i nc t i on  be tween in fo rmat ion  and  da ta  m idd leware  and  knowledge  
management  m idd leware  was  d i scussed .  I t  was  agreed by  In te rv iewee 
D  that  t he re  shou ld  be  the d i s t i nc t ion  be tween t he  two ,  to  b r ing to  t he  
fo re  t he  need  f o r  knowledge  management  over  and above  data  and  
in f o rmat ion  management .  I n te rv iewee A  agreed  tha t  g r id  m idd leware  
shou ld  cover  t he en t i re  i n f ras t ruc tu re  l ayer .  For  these  reasons ,  t he  
m idd leware  layer  rema ined unchanged as  i nd i cated  in  the f i gu re  be low.  
 
 
F i g u r e  1 7 :  e - R es e a rc h  M i d d l ew a r e  a n d  S e r v i c e s  
 
Bu i l d ing  on  t he  midd leware  and  serv i ces  l ayer  i s  an  app l i ca t i ons  layer .  
The  app l ica t i ons  layer  i s  d i scussed  in  the  sec t ion be low.  
 
5.4 .2  e-Research  Appl icat ions 
The components  iden t i f i ed  ( see  F igure  11  in  sec t ion  3 .2  and  F igure  12  
in  sec t ion  3 .3 )  were  ind i ca ted  as  be ing  t oo ls  and app l i ca t i ons .  The  
focus  g roup  s ta ted  t ha t  some of  these  components  shou ld  i n  f ac t  be  
c lass i f i ed as  p roduc ts  and  serv ices ,  and  separa te  to  th is  wou ld  be  
app l i ca t i ons .  In t erv iewee B  agreed  w i t h  th i s  d i s t inc t i on.  Exam ples  
were  g i ven  such as  v i sua l isa t i on and  p ro jec t  spec i f i c  t oo ls ,  wh ich  
shou ld  ra ther  be  c lass i f ied  as  app l i ca t i ons ,  wh i le  open  access  to  
i n f o rmat ion  shou ld  be  c lass i f i ed  as  produc ts  and  serv i ces .  The  f ocus  
g roup  f ur ther  d i scussed  h igh per f ormance  comput ing  and  ind i ca ted  
tha t  h igh  per f o rmance comput ing  spread  ac ross  bo th  i n f r as t ruc tu re  and  
app l i ca t i ons .  For  these reasons ,  an  app l i ca t i ons  layer  was  b rough t  i n  
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and some of  t he  com ponents  p rev ious ly  i nd i ca ted  as  be ing  too ls  and 
app l i ca t i ons  were  b rough t  i n t o  t h is  l ayer ,  as  shown be low.   
 
 
F i g u r e  1 8 :  e - R es e a rc h  Ap p l i c a t i o n s  
 
Bu i l d ing  on  t he  app l ica t i ons  layer  i s  a  p roduc ts  and  serv ices  l ayer .  
The  p roducts  and  serv ices  l ayer  i s  d i scussed  in  t he sec t ion be low.  
5 . 4 .2 .1  Pro du ct s  an d  S erv ices  
A product s  and  serv ices  l ayer  wou ld  then  be  bu i l t  on  t op  o f  t h is  
app l i ca t i ons  layer ,  as  i nd i cated  by the  f ocus  g roup .  I n t e rv iewee B  
ind i cated t hat  a  fu r ther  se rv ice  requ i red ,  wh ich  had  no t  been  inc luded 
to  da te ,  wou ld  be  “D ig i t i sa t i on ” .  In t e rv iewee D  agreed  w i t h  t h is .  
In t e rv iewee D a lso  i nd i cated  that  researchers  requ i re  p roduc ts  and  
serv ices  wh ich  g ive  them access  to  remote  ins t rumenta t i on,  such  as  
te lescopes  and  e lec t ron  m ic roscopes ,  wh ich  may be  located  on  
d i f f e ren t  con t inen t s .  A ccess  t o  in f o rmat ion was  f ound  by the  f ocus  
g roup  to  be  su f f i c ient ,  bu t  t hat  the re shou ld  be  two  separa te  
components ;  one  f o r  commerc ia l  i n f o rmat ion ,  and  one  f or  open  access  
to  i n f ormat ion.  Th is  i s  i n  l i ne  w i th  the  f i nd ings  o f  Hough ton ,  et  a l . ,  
(2003) ,  that  open  access  d ig i ta l  repos i to r i es ,  opera t i ng  i n  para l l e l  w i th  
ex i s t ing  commerc ia l  pub l ish ing  mechan isms ,  can p rov ide  a  ma jo r  
oppor tun i t y  t o  deve lop  a  sus ta inab le  i n f o rmat ion  in f ras t ruc ture  f o r  both  
t rad i t i ona l  and  emerg ing  modes o f  knowledge p roduc t ion.  
 
The  f ocus  g roup  fu r t her  i nd i cated  t ha t  p roduct s  fo r  da ta  s to rage  and  
serv ices  re la t i ng  to  t h is  shou ld  be inc luded ,  wh ich  wou ld  be  separa te  
to  the  da ta  s to rage  in f ras t ruc tu re .  In t e rv iewee A  sugges ted  t he  need  
fo r  an  app l i ca t i on da tabase  component ,  wh ich  wou ld  be  a  da tabase  
record ing  a l l  e -Research  deve lopment  ac t iv i t i es ,  spec i f i ca l l y  i nd i cat i ng  
when a  component  was  deve loped ,  then  who owned i t ,  who  was  
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respons ib le  f or  runn ing  i t  and  so  on .  Th is  database  wou ld  ass i s t  
o rgan isa t ions  t ha t  w ish  to  im plem ent  a  component  in  ascer ta in ing  who 
they  cou ld  approach  to  ass is t  t hem in  ga in ing  access  to  t he  resources  
o r  adv ice on  how they cou ld  i mp lement  the  component  i n  t he i r  
o rgan isa t ion.  I n terv iewee D agreed  w i t h  t h i s .  For  these reasons,  t he 
p roduc ts  and  serv i ces  l ayer  was  adap ted  and  changed to  be  as  
fo l l ows:  
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F i g u r e  1 9 :  e - R e s e a rc h  P ro d u c t s  a n d  S er v i c e s  
 
I t  i s  ve ry poss ib le  t hat  t h i s  l ayer  spec i f i ca l l y  wou ld  be  expanded as  
more s takeho lders  acqu i re  the oppor tun i t y  t o  eva lua te  t he  f ramework .  
Expand ing  on  t he p roduc ts  and serv i ces  l ayer  a re  f u r t her  t oo l s  
requ i red  f o r  access ing  t he  serv i ces ,  p roduct s  and in f ras t ruc tu re .  Th is  
l ayer  i s  d iscussed in  the sec t ion  be low.  
5 . 4 .2 .2  Acce ss  & Mo bi l e /R emot e  Co nnect i v i ty  Co mp onent s   
The f ocus  group and  two  of  t he  in te r v iewees  ind ica ted  t he  need  f or  
mob i le  connec t i v i t y  to  th i s  i n f r as t ruc tu re  and  serv i ces .  The  mob i le  or  
remote connect iv i t y  i s  t o  a l l ow researchers  to  connec t  t o  t he  
in f ras t ruc ture  regard less  o f  where  they a re  l oca ted  in  t he  wor ld .  The 
focus  g roup  a lso  ind icated tha t  access ,  au then t ica t i on  and  
au thor i sat i on  (as  d i scussed  in  sec t ion  3 .3 .4  and  shown in  F igure  12)  
as  a  serv i ce  wou ld  be  c ross  cut t ing ;  t hus  wou ld  a f fec t  a l l  p roduc ts ,  
se rv ices ,  m idd leware  and  in f ras t ruc tu re .  Another  such  serv ice  wou ld  
be  t ha t  o f  G r id /C loud  Access  t o  p roduc ts  and  serv ices  wh ich  was  
h igh l i gh ted  by two  o f  the  i n t e rv iewees  as  be ing  necessary to  access  
a l l  i n f ras t ruc tu re  and serv ices .  Th is  access  a l l ows  t he user  to  m ake 
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use  o f  se rv ices  and  in f ras t ruc tu re  seamless ly ,  as  we l l  as  p rov id ing  on-
demand resources  as  requ i red.  Mob i le  o r  Remote  Connec t iv i t y  was  no t  
h igh l i gh ted  in  t he l i t e ra tu re ,  as  authors  d id  no t  spec i f i ca l l y  h igh l igh t  
the  need  f o r  t h i s .  However ,  w i t h  rap id l y  chang ing t echno log ies ,  t he 
need  f o r  mob i le  connec t iv i t y  i s  becoming  inc reas ing ly  impor tant ,  as  
i nd i cated by the  in t e rv iewees.  For  t hese  reasons  a  mob i le  connect iv i t y  
mode l  was  inc luded  and  t he  A ccess  m ode l  was  mod i f i ed  as  shown  
be low.  
 
 
F i g u r e  2 0 :  Ac c e s s  M o d u l e s  f o r  e - R e s ea r c h  
 
Fur t her  se rv i ces  requ i red  to  br ing  abou t  e -Research,  such as  t ra in ing 
a re  d i scussed  in  the  sec t ion be low.  
 
5 . 4 .2 .3  Qu al i t y  Assu ra nce ,  T ra i n in g  &  S k i l ls  D eve lo p ment  
Co m po nent s  
As ind i cated  by au thors  i n  sec t i on  3 .2 .2 ,  the  focus  g roup  conf i rmed 
tha t  qua l i t y  assurance  would  be  essen t ia l  t o  ensure  t he qua l i t y  o f  t he 
i n f o rmat ion  made access ib le  to  researchers .  W i thou t  qua l i t y  con t ro l  
Sou th  Af r i can research  outpu t  wou ld  no t  be  g loba l l y  accep tab le .   
 
The  f ocus  g roup h igh l igh ted  tha t  user  t ra in ing  serv i ces  wou ld  be 
essen t ia l  to  p rov ide  the  necessary sk i l l s  deve lopment  i n  u t i l i s i ng  t he 
under l y ing  p roduc t s ,  se rv i ces ,  app l ica t i ons  and  in f ras t ruc tu re  co r rec t ly  
and e f f i c ient l y .  Th is  shou ld  be  d i f f e ren t ia ted  f rom jus t  i nf o rmat ion  
l i t e racy  o r  compute r  sk i l l s  deve lopment .  The  focus  g roup  a lso 
i nd i cated  t hat  sk i l l s  deve lopment  (see F igure  15,  sec t i on  3 .6 .2)  shou ld  
be  dep ic ted  as  be ing  over lapp ing  and  modu la r  as  i t  i s  un l i ke l y  tha t  an  
spec i f i c  i nd i v idua l  wou ld  f i nd  i t  usefu l  t o  have  t he  sk i l l s  requ i red  a t  a l l  
l eve ls  o f  t he  f ramework .  Two o f  t he  i n t e rv iewees  agreed  w i th  t h is .  To 
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b r i ng  abou t  t h i s  l eve l  o f  change ,  a  cu l t u re  change shou ld  be  
cons idered .  In t erv iewee A  f u r ther  i nd ica ted  t ha t  a  t ra in ing  
in f ras t ruc ture  wou ld  be  requ i red,  as  t ra in ing  shou ld  i dea l l y  no t  occur  
on  l i ve  p roduc t ion sys tems.  He  ind ica ted  that  by  us ing  c loud  comput ing  
a  dynamic  management  model  cou ld  be  used  t o  separa te  t oo l s  and 
in f ras t ruc ture  f o r  t ra in ing  purposes .  I n te rv iewee D  agreed  w i th  t h is  
need  f o r  t ra in ing  in f ras t ruc tu re .  For  these reasons ,  the  sk i l ls  
deve lopm ent  component  was  mod i f i ed ,  t ra in ing  in f ras t ruc ture  and  user  
t ra in ing  serv i ces  and  as  we l l  as  qua l i t y  assurance serv ices  added ,  as  
shown be low.   
 
F i g u r e  2 1 :  U s e r  T r a i n i n g ,  S k i l l s  D e ve l o p m e n t  &  Q u a l i t y  As s u r a n c e  
C o m p o n e n t s  
 
The  f ocus  Group  ind i cated  the  need  f o r  an  access  layer  which wou ld  
a l low co l l abora t ing  researchers  to  g roup  toge ther  a l l  t he  serv ices ,  
i n f ras t ruc ture  and  app l i ca t i ons  tha t  they wou ld  need  t o  access  and  
use .  The  focus  g roup iden t i f i ed  th is  ‘ access  layer ’  as  be ing  known as  
the  V i r t ua l  Research  Env i ronm ent  (VRE) .  I n te r v iewee A  emphas ised  
tha t  t he  V RE wou ld  be an  essen t ia l  component .  A l though  V REs were  
no t  i nvest igated  dur ing  the  desk  research  phase o f  th i s  i nvest igat i on ,  
i t  was  es tab l i shed  t ha t  much  l i t e ra ture  i s  ava i l ab le  on  the  sub jec t  and  
theref o re  the  layer  was  added  t o  t he  mode l .  
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5 . 4 .2 .4  Users ,  Re search ers  an d  t h e  V i r tu a l  Rese arch  Envi ro nme nt  
The user  component  i nd i ca ted  on  the  f r amework  was  f ound  by  t he  
focus  g roup  to  be inadequa te .  I t  d id  no t  c lea r l y  i nd i cate  that  t h is  
f ram ework / in f ras t ruc tu re  is  meant  f o r  researchers .  They h igh l i ghted  
tha t  the  researcher  shou ld  be  made more  p rominen t  i n  t he  f r amework ,  
so  t hat  i f  researchers  l ook  a t  the  d iagram,  t hey  wou ld  be  ab le  t o  
immed ia te l y  i den t i f y  where  they  wou ld  f i t  i n t o  t he  p i c t u re .  The  f ocus  
g roup  ind i ca ted  that  e -Research  ca l l s  f o r  co l l aborat i on  and  as  such 
shou ld  be  ind ica ted  as  be ing  e -Researcher  comm uni t i es  as  e -Research  
h igh l i gh t s  t he  need  f o r  co l l aborat i on  be tween and  amongst  
researchers .  In t erv iewee B  agreed  w i t h  th i s ,  bu t  In t erv iewee D  a rgued  
tha t  ce r t a in  t ypes  o f  r esearch  cou ld  s t i l l  no t  be  under taken  in  a  
co l l abora t i ve  way bu t  ra ther  as  i nd i v idua ls .  In  add i t ion ,  I n t er v iewee A  
ind i cated  t hat  deve lopers  as  we l l  as  suppor t  s t a f f  wou ld  a l so  be  us ing  
th i s  i n f r as t ruc ture ,  and  as  such ,  shou ld  be  inc luded  in  t he  user  
commun i t y .   
 
I n t e rv iewee C  ind i ca ted  t hat  “ buy- in ”  f r om the users  wou ld  be  
necessary .  For  t hese  reasons ,  the users  i nd ica ted  were  expanded t o  
be  more  inc lus ive  and  a  VRE (V i r t ua l  Research Env i ronm ent )  was  
added  to  the f r amework ,  as  shown be low.   
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F i g u r e  2 2 :  U s e r s  a n d  t h e  V i r t u a l  R e s e a r c h  E n vi r o n me n t  f o r  e - R e s e a r c h  
 
Beyond  phys ica l  p roduc t s ,  serv ices  and  app l i ca t i ons ,  overs ight  and  co-
o rd ina t ion  a re  i nd ica ted  as  be ing  impor tan t  to  the  im plem enta t ion  o f  e -
Research.  These components  a re  d i scussed in  the sec t ions  be low.  
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5 . 4 .2 .5  S t ra t eg ic  Overs igh t ,  Lead er sh ip  & Co- ord inat ion  Comp o nen t s  
An overs igh t  and  leadersh ip  commi t tee   as  i den t i f i ed  in  F igure  15  and  
sect ions  3 .5 .5  and  3 .6 .1  was  found  by  the  f ocus  g roup  t o  be  
necessary .  The  researcher  recognized  war iness  amongs t  i n te rv iewees  
as  we l l  as  the  f ocus  g roup  t ha t  researchers  wou ld  be  re luc tan t  to  have  
to  repor t  to  a  cen t ra l  commi t t ee .  I n te rv iewee D  ind i cated  tha t  
l eadersh ip  and  an e-Research champion  o r  champions  d r iv ing  t he 
cause  wou ld  be  necessary t o  b r ing  abou t  t he  change  requ i red .  
In t e rv iewee C  ind i cated  tha t  overs igh t  commi t tee mem bers  shou ld  
have  a  s t ra teg ic  v iew po in t  and  t ha t  they cou ld  ass is t  ag reed  that  t h is  
commi t tee  shou ld  be  made up  o f  m u l t i -d i sc ip l i na ry  members ,  who  
shou ld  be  respons ib le  f o r  oversee ing  the  e -Research  parad igm 
ho l i s t i ca l l y .   
 
I n t e rv iewee A  ind i ca ted  t hat  a  re f lec t i on  g roup  wou l d  be necessary t o  
de te rm ine  t he  long  t e rm  usage  of  the  i n f r as t ruc ture .  In t e rv iewee A 
ind i cated that  th is  s t ra teg ic  f unc t ion  cou ld  be  incorpora ted  in to  t he  
overs ight  and  leadersh ip  commi t tee ;  however ,  the i r  ro les  and  
respons ib i l i t i es  wou ld  need  to  be  c lear l y  de f ined .  I n te r v iewee D  
h igh l i gh ted  t ha t  th i s  commi t tee  wou ld  poss ib l y  need  t o  es tab l ish  
work ing  g roups  to  address  cer t a in  deve lopments  o r  i ssues  a r i s ing .  
In t e rv iewee C  agreed  w i th  t h is ,  and  sugges ted  t hat  the  work ing  g roups  
wou ld  be  respons ib le  f o r  the  ac tua l  research  and  scop ing  o f  smal ler  
par ts  o f  t he  overa l l  e -Research parad igm.  
 
The  com ponents  iden t i f i ed  (see F igure  15  and  sec t ion  3 .5 .5)  i nd ica ted 
tha t  co -o rd inat ion o f  ac t i v i t i es  should  t ake  p lace.  The f ocus  g roup  and  
two  of  t he  i n te rv iewees  agreed w i t h  t h i s .  The  f ocus  g roup  ind i cated  
tha t  th i s  t eam of  peop le  shou ld  be  compr i sed  o f  opera t iona l  members  
f rom  var ious  d isc ip l i nes ,  thus  be  mu l t i d isc ip l i na ry .  They a l so  i nd i cated  
tha t  t hese  m embers  shou ld  have  the  necessary  knowledge ,  exper t i se  
and s tand ing  w i th in  t he i r  i nd i v idua l  commun i t i es ,  so  t ha t  they wou ld  be  
ab le  to  ensure  co l l abora t i on  amongs t  a l l  s takeho lders .  An  ind i cat ion  
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was  g i ven  by the  f ocus g roup  t ha t  t h i s  t eam should  repor t  t o  t he 
overs ight  and leadersh ip  comm it t ee .  
 
For  these  reasons ,  the  overs ight  and leadersh ip  commi t t ee  was  
rev i sed  t o  be  shown as  be ing  mu l t id i sc ip l i na ry  and  s t ra teg ic ,  wh i l e  t he  
co-o rd ina t ion  o f  ac t iv i t i es  t eam rema ined  la rge ly unchanged as  shown 
be low.  
 
 
F i g u r e  2 3 :  C o m m i t t e e  a n d  M a n a g e m e n t  T e a m  f o r  e - R e s ea r c h  
 
Mu l t i - d i sc ip l ina ry comm i t t ees  ca l l  f o r  co l l aborat i on  be tween t he  
var ious  commi t t ee  members .  The  co l l abora t ion  component  i s  the ref ore  
d i scussed  in  t he sec t ion be low.   
5 . 4 .2 .6  Co l l ab o ra t i on  Com p o nen t  
Col labora t i on  as  a  key and  necessary d r i ve r  f or  e -Research  was  
h igh l i gh ted  by t he  f ocus  g roup ,  and  th ree o f  the  in t e rv iewees.  F rom 
the  l i t e ra tu re  (see  sec t ion  3 .3 .1 ,  i t  was  s t ressed  tha t  co l labora t i on 
too ls  would  be  essen t ia l  t o  enab le  researchers .  Through  t he  in te rv iews  
and f ocus  g roup  d i scuss ions ,  i t  became c lear  tha t  ins t i t u t ions  func t ion  
i n  a  ‘s i l o ’  l i ke  manner ,  w i th  ve ry  l i t t l e  c ross  i ns t i t u t ion  co l l abora t i on.   
 
For  t he sake o f  deve lop ing  t he  knowledge  economy,  a  na t iona l  s ca le  
co l l abora t i on  i n f ras t ruc ture ,  f rom  wh ich  a l l  i ns t i t u t ions  cou ld  bene f i t ,  
shou ld  be  f u r ther  i nves t iga ted.  I n terv iewee C ind i cated  t ha t  t h is  wou ld  
i nc lude  co l l aborat i on  i n  t he  way researchers  work ,  bu t  a lso  i n  t he 
deve lopm ent  o f  the com ponents  ident i f i ed .  Two of  the  i n te rv iewees  
h igh l i gh ted  t he  impor tance  o f  co l labora t i on  th roughou t  the  f r amework .  
Co l l abora t i on,  they ind i ca ted,  shou ld  be  ex tended  to  i nc lude  t he  
fund ing  f o r  the  var ious  components ,  as  o f t en  the  deve lopment  i s  o f  
such  a  sca le  t ha t  more than  one  ins t i t u t i on  may need  t o  co - f und  such 
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deve lopm ent  and  as  such  shou ld  co l l abora te .  In te rv iewee C  aga in  
emphas ised  t ha t  e -Research in f ras t ruc tu re  and sys tems shou ld  p rov ide  
an  enab l i ng  env i ronment  f o r  researchers .  For  th is  reason  co l laborat i on  
has  been  mod i f i ed  as  f o l l ows :  
 
 
F i g u r e  2 4 :  Co l l a b o ra t i o n  in  e - R e s e a r c h  Ac t i v i t i e s  
 
Hav ing iden t i f i ed  t he  components  o f  e -Research,  f und ing  t hese  var ious  
components  was then  addressed  br ie f l y .  The  resu l ts  f rom that  
d i scuss ion a re  re f l ec ted in  the nex t  sec t i on .  
 
5.4 .3  Fund ing o f  e -Research  Components  
I n t e rv iewee A  and  t he  f ocus  group  ind i ca ted  tha t  f und ing  and 
governance  shou ld  be  dep ic ted  as  be ing top-down and  t hat  t he re  
shou ld  no t  be  f und ing  and  governance  com ing  in t o  the  co-o rd inat ion  o f  
ac t iv i t i es  management  team wi thout  t ransparency t o  a l l .  
 
The  f ocus  g roup  and  two o f  t he  i n ter v iewees  ra i sed  concerns  re la ted  to  
the  f und ing  f o r  such  a  la rge and  d i spara te  a rch i t ec tu re .  A  deba te  
a rose  in  the  f ocus g roup  a round  how the  f und ing  mode ls  i n  the  UK  and  
Aust ra l i a  were  be ing  imp lemented  and  t he  success thereo f .  Consensus  
was  reached  in  the  f ocus  g roup,  t ha t  the  UK fund ing  model  wou ld  
poss ib l y  work  bes t  i n  S outh  A f r i ca ,  however  i t  was  sa id  tha t  t h is  wou ld  
poss ib l y  be  a  l ong  te rm  goa l .  I n te rv iewee A ,  i n  tu rn ,  i nd i cated  tha t  
fund ing  an  in f ras t ruc ture  l i ke  e -Research  cen t ra l l y  wou ld  no t  be  
poss ib le .  He i s  o f  the  op in ion tha t  each  component  shou ld  be  
separa te l y  f unded.  He  agreed ,  t hough ,  that  i t  cou ld  cause  dup l i ca t i on 
i n  deve lopment  ac t iv i t i es .   
 
The  f ocus  g roup ind i ca ted  tha t  to  ensure  co l l abora t i on  and  a l so  to  
avo id  dup l i ca t i on o f  ac t iv i t i es ,  f und ing  wou ld  need  to  be  conso l ida ted 
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i n  some way.  I t  was  agreed  tha t  ind i v idua l  i ns t i tu t i ons  shou ld  seek  
the i r  own f und ing bu t  t ha t  the  overs ight  commi t tee  shou ld  make i t  
poss ib le  t o  es tab l i sh  whether  a  spec i f i c  component  had  a l ready been  
deve loped  (o r  cou ld  perhaps  be  under  deve lopment )  bef ore  i nd iv idua ls  
wou ld  seek  f und ing .  The  f ocus  g roup  and  two  o f  t he  I n ter v iewees  
ind i cated  tha t  both  pub l i c  and  p r i va te  f und ing  wou ld  be  necessary  t o  
fund  t he  deve lopment  o f  the  en t i re  in f ras t ruc ture .  I n te rv iewee A  
ind i cated that  on ly  i f  p r i va te  f und ing  were  used  cou ld  t rue  innova t ion  
occur  i n  t he  deve lopment  o f  the  e-Research  In f ras t ruc ture .  In t e rv iewee  
C  agreed  w i th  t h is ,  and  ind ica ted  tha t  the  p roducts  and  serv ices  l ayer  
o f  t he  f r amework  wou ld  be  where  p r i va te  f und ing  wou ld  most  l i ke ly  be  
requ i red .   
 
I n t e rv iewee C  ind i ca ted  tha t  components  deve loped  on  a  Na t iona l  
Sca le ,  such as  the  backbone  ne twork ,  wou ld  be  la rge ly f unded  by  
government ,  bu t  tha t  networks  used  w i th in  i ns t i tu t ions  shou ld  be 
funded  by the  ins t i tu t i on  i tse l f .   I n te r v iewee C  ind i ca ted  t hat  any  
components  requ i red  by any ins t i tu t i on  wou ld  have  to  be  f unded  by  
tha t  i ns t i tu t i on  i t se l f ,  so  f or  example ,  ga in ing  access  t o  v i sua l i sat i on  
app l i ca t i ons  wou ld  be  a t  t he i ns t i tu t i on ’s  expense.   
 
I t  was  f ound  t hat  the re  cou ld  not  be  a  c lear  d iv ide  be tween what  
shou ld  be  f unded  by government  and  what  shou ld  be  f unded  by  
i nd i v idua l  i ns t i tu t ions .  I ns tead,  i t  was  f ound  t hat  f und ing  par tnersh ips  
wou ld  be  requ i red .  I n te rv iewee C  agreed  w i th  t h i s .  These  par tnersh ips  
cou ld  be  be tween d i f fe ren t  governm ent  depar tments ,  between d i f f e ren t  
i ns t i t u t i ons  or  be tween governm ent  and  ins t i tu t i ons .  In t erv iewee C 
ind i cated  t ha t  w i th in  governm ent ,  pa r t nersh ips /co l l abora t i on  wou ld  i n  
a l l  l i ke l i hood  be  requ i red  be tween,  amongst  o thers ,  the  Depar tm ent  o f  
Sc ience  and  Techno logy,  Depar tment  o f  H igher  Educa t ion ,  Depar tment  
o f  Pub l ic  E nte rpr i ses ,  and  poss ib l y  t he  Depar tment  o f  T rade  and  
Indust ry,  i n  o rder  to  b r ing  abou t  e -Research.   
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An  example  o f  a  par tnersh ip  was  g i ven  by In te rv iewee C ,  i nd i cat i ng  
tha t  the  es tab l ishm ent  o f  t he  Cent re  f o r  H igh  Per fo rm ance  Com put ing  
was  f unded  by government  (70%)  and  by i ndus t ry (30%) .  W hat  appears  
to  be  ev iden t  i s  tha t  co l l abora t i on  i s  requ i red  on  a l l  l eve ls  f rom po l icy  
deve lopm ent  and  f und ing  to  ensure  t he deve lopment  o f  t he  var ious  
components .  For  these  reasons  t he f und ing  layer  i n  t he  f ramework  has  
been  adap ted  to  i nc lude  a  po l i cy deve lopment  layer  i ncorpora t i ng 
governance ,  as  we l l  as  i nd i cat i ng  bo th  pub l ic  and p r iva te  f und ing.  
 
 
F i g u r e  2 5 :  F u n d i n g  o f  e - R e s e a r c h  C o m p o n en t s  
 
Fund ing  o f  e -Research  needs  to  be  s tud ied  f u r ther  and  poss ib ly  
s ta r t i ng  f rom a  po l i cy  deve lopment  perspec t ive .  As  i t  was  no ted  tha t  a  
c lea r  d i v ide  be tween governm enta l  and  ins t i t u t i ona l  f und ing  canno t  be  
d rawn,  i t  can  be  conc luded  t hat  co l l abora t i on  w i t h  regards  t o  fund ing  
w i l l  be  essent ia l .  
 
The  resu l t s  p resen ted  in  t he  p reced ing  sec t ions  o f  th is  chap ter  
i nd i cated  t ha t  the bas ic  components  mak ing  up  the  e -Research  
parad igm  wou ld  be  as  i nd i ca ted  in  F igure  16  -  F igure  25 .   The  ho l i s t i c ,  
i nc lus i ve f ramework  i s  p rov ided  in  the  nex t  sec t i on .   
5.5  An  e -Research Implementat ion Framew ork  fo r  South  Afr ican 
Organisat ions 
Th is  f ramework ,  shown in  F igure  26  d raws  on  the  in fo rmat ion  
p resen ted  in  the  l i t e ratu re  (Chap ter  3 )  and  incorpora tes  key research  
f i nd ings (Chapte r  5 )  in  an  in t egrat i ve  manner .  
 
The  F ramework  (F igure  26)  is  bu i l t  up o f  a  var ie t y  o f  l ayers .  An  
in f ras t ruc ture  l ayer  ( co loured  in  b lue)  f o rms  the  base  upon  wh ich a l l  
o ther  l ayers  a re  bu i l t .  Th is  i n f ras t ruc ture  layer  cons is ts  o f  a l l  t he  
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phys ica l  ha rdware  necessary t o  im p lem ent  e -Research .  On top  o f  the  
i n f ras t ruc ture  l ayer  i s  t he  m idd leware  layer  (co loured  in  purp le ) .  The  
m idd leware  laye r  compr i ses  components  necessary  to  a l l ow  
appl i ca t i ons  t o  i n t e rac t  w i th  the  under l y ing  hardware  in  t he  
in f ras t ruc ture  l ayer .  Bu i l d ing  on  top  o f  the  m idd leware  layer ,  i s  t he  
app l i ca t i ons  layer .  The  app l ica t i ons  layer  cons is ts  o f  var ious  
app l i ca t i ons  requ i red  by  researchers .  On  t op  o f  the  app l i ca t i ons  layer ,  
i s  a  p roduc ts  and  serv ices  l aye r  t hat  cons is ts  o f  var ious  too ls ,  
se rv ices  and  access t o a  va r ie ty  o f  i n f o rmat ion  sources .   
 
The  f our  l ayers  desc r ibed  above  can  t hen  a l l  be  accessed  by  t he  users  
th rough  what  i s  known  as  a  V i r t ua l  Research  Env i ronm ent  and /or  
th rough  Gr id /C loud  access  app l ica t i ons .  Through  a l l  l ayers ,  sk i l ls  
deve lopm ent ,  t ra in ing  in f ras t ruc ture  and  serv ices  a re  requ i red  to  
ensure  a l l  users ,  fo r  exam ple,  researchers ,  l ib ra r ians  and  IT  
spec ia l i s t s  can suppor t  and/o r  par t i c ipa te  i n  e -Research .   
 
I t  i s  fu r ther  ind ica ted  t ha t  at  l eas t  two  governance  bod ies  should  
poss ib l y  be  es tab l i shed .  The  f i r s t  body (management  t eam)  would  be  
respons ib le  f o r  the  co-o rd ina t ion  o f  a l l  ac t iv i t i es  th rough  t he  var ious  
layers  o f  t he f ram ework .  I t  wou ld  ensure  t he cos t -e f f ec t i ve  
deve lopm ent ,  imp lementa t i on  and  in tegra t i on  o f  the  va r ious  layers .  
The  second  body (an  overs igh t  commi t tee)  would  be respons ib le  f or  
genera l  overs ight ,  l eadersh ip  and p rov id ing  s t ra teg ic  d i rec t i on .  The  
overs ight  comm i t t ee wou ld  have  t o  be m ul t i -d i sc ip l i na ry i n  i t s  
cons t i t u t ion  and  in  a l l  poss ib i l i t y  wou ld  need  t o  be  f unded  t h rough  e -
Research  f und ing par tnersh ips .  This  body wou ld  be  respons ib le  f or  
es tab l ish ing  work  g roups  to  research  and  deve lop  each  o f  the  var ious  
components  e -Research.  
 
Th is  f ramework  can  ass is t  government  i n  d r iv ing t he  e -Research  
parad igm  fo rward  in  South  Af r i ca .  I t  can  fu r ther  ass i s t  i ns t i t u t i ons  in  
implement ing e -Research  w i t h  the i r  o rgan isat ion,  and  a id  s t ra tegy  
deve lopm ent ,  spec i f i c  to  e -Research .  
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The  f ram ework ,  i nd i ca ted in  F igure 26 ,  cou ld  be exp la ined  as  f o l lows :  
•  In frast ructure  o r  cyber inf rastructure  l ayer  re f e rs  to  t he  phys ica l  
i n f ras t ruc ture  requ i red  t o  bu i l d  an  enab l ing  env i ronment  f o r  e-
Research,  onto  wh ich  o ther  l ayers  can  be  bu i l t  t o  enhance  t he  use  
o f  t he  i n f ras t ruc tu re .  Th is  i n f ras t ruc tu re  is  com pos i te  o f  t he  
fo l l owing :  
o  Nat ional  Backbone Netw ork :  A  h igh  speed ,  l a rge  bandwid th  
ne twork  f or  a l l  r eg iona l  and /o r  i n t e r - i ns t i tu t i ona l  ne tworks  t o  
connec t  to ,  as  wel l  as  connec t ing i n t o  A f r ica  and  in te rna t iona l ly  
t o  o ther  educat ion  and research  ne tworks  and  gr ids ,  such  as  i n  
Europe ,  Aust ra l i a and  Amer i ca.  
o  Regional  &/or  Inter - Inst i tut ional  Netw orks :  A  network  l i nk ing  
a l l  i ns t i tu t i ons  in  a  reg ion  t oge ther  o r  a  ne twork  l i nk ing  a l l  
i ns t i tu t i ons  t oge ther ,  such  as  a l l  un ive rs i t ies  i n  a  reg ion ,  or  
l i nk ing  a l l  research  ins t i tu t i ons  t oge ther  and  t hen  connec t ing  t o  
t he  nat iona l  backbone  ne twork .  Th is  can  be  expanded to  have  a  
ne twork  l i nk ing  a l l  schoo ls  or  a l l  government  depar tments ,  wh ich  
cou ld  a lso  be connec ted  to  the backbone  ne twork .  
o  High Per formance Comput ing Inf rast ructure :  Th is  
i n f ras t ruc ture  i s  necessary t o  a l l ow researchers  to  process la rge  
vo lumes  of  da ta  a t  h igh speeds  or  do  complex  ana lys i s .  A  H igh 
Per form ance  Com put ing  In f ras t ruc tu re  can  “enhance  s ign i f i can t  
r esearch,  address  grand cha l l enges ,  and  g row computat i ona l  
r esearch”  (CHPC,  2010) .   
o  Comput ing In frast ructure :  An  ins t i t u t i on  wi l l  no t  on l y  requ i re  
access  to  h igh  per f o rm ance  comput ing  in f r as t ruc tu re  bu t  a l so 
s tandard  comput ing  in f r as t ruc tu re  t o  manage t he e -Research  
app l i ca t ions ,  p roduc t s  and serv ices .  Th is  a lso  i ncorpora tes  
desk top  mach ines and  mob i le  dev ices ,  such  as  ce l l  phones  and  
iPads  t o  a l l ow t he researchers  t o  successf u l l y  do  the i r  research.  
o  Data  S torage In frast ructure /Reposi tor ies :  Th is  i s  where  d ig i t a l  
con ten t  and  asse ts  a re  phys ica l l y  s t o red  and  can be searched  f or  
and  re t r i eved  fo r  l a t e r  use.  Data  s to rage  can  be done  on  a  
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na t iona l  l eve l  as  we l l  as  be ing  necessary w i t h in  i ns t i t u t i ons .  
( Ins t i tu t i ons  w i l l  need  to  s to re  and  manage the i r  data  where  i t  
does  not  m ake  sense  to  m ake  use  o f  cent ra l  s to rage  o r  where  
secur i t y  i s sues come in to  p lay. )  A  repos i tor y  suppor t s  
mechanisms  t o  impor t ,  expor t ,  i den t i f y ,  s t o re  and  re t r i eve  d ig i t a l  
asse ts  (J ISC,  2011) .  
 
•  Midd lew are  &  Serv ices  r e f ers  to  the  commun ica t ions  layer  tha t  
a l l ows  app l i ca t ions  to  i n te rac t  ac ross  hardware  and  ne twork  
env i ronments .  The  m idd leware  layer  i s  compos i t e  o f  t he  f o l l owing 
components :  
o  Grid  Middlew are &  Services:  p rov ides  essent ia l  access,  
commun icat ion,  accoun t ing ,  secur i t y ,  t rus t ,  and  co-o rd ina t ion 
serv ices  be tween t he  (computat i ona l  and  da ta )  r esources  o f  
t he  g r id  and  t he  h igher - l eve l  serv ices  tha t  use  t hem (DS TC,  
2004) .  
o  Data  and In format ion  Midd lew are &  Services:  p rov ides  t oo ls  
and  serv i ces  that  enab le  the  index ing ,  a rch iva l ,  d i scovery,  
ana l ys i s ,  i n t egra t i on ,  m anagement  and  p reservat ion o f  l a rge 
he te rogeneous  d i s t r i bu ted  da ta  repos i t or i es  and  d ig i t a l  
a rch ives  (DSTC,  2004) .  
o  Know ledge Management  Middleware  &  Services:  The  f ocus  
o f  t h is  m idd leware  i s  t o  m ake  use  o f  da ta  and  in f o rmat ion 
genera ted ,  a rch ived ,  i ndexed etc ,  to  mob i l i se  knowledge  and  
a im ing  towards  bu i l d ing  a  knowledge  econom y.  
o  Col laborat ion  Midd lew are  &  Serv ices:  p rov ides  t oo ls  and 
serv ices  to  suppor t  f o rma l  and  in f ormal ,  rea l - t ime  and  o f f l i ne  
co l l abora t i ve  ac t iv i t i es  be tween remote l y  l oca ted  researchers ,  
r esearch  commun i t i es ,  and  resources  (dynamic ,  sca lab le  
v i r tua l  organ iza t ions )  (DSTC,  2004) .  
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•  Appl icat ions  re f er  to  t hose  spec i f i c  app l i ca t i ons  requ i red  t o  use  
the  under l y ing  in f ras t ruc tu re  and  m idd leware .  Not  a l l  i ns t i t u t i ons  
w i l l  requ i re  every one  o f  t he app l ica t i ons .  
o  High  P er formance Comput ing Appl icat ions re fe rs  t o  
app l i ca t ions  requ i red  to  use  the  H igh Per formance com put ing  
in f ras t ruc ture .   
o  E-Learn ing/D ig i ta l  S cho larship  Tools  &  App l icat ions:  Tools  
and  App l i ca t ions  to  p rov ide  an  i nnova t ive  l ea rn ing  exper ience  
f o r  l ea rners  (L i ,  et  a l . ,  2006) .  Th is  w i l l  i ncorpora te  a  l a rge 
var ie t y  o f  va r ious  app l ica t i ons  t o  enab le  an  e - lea rn ing 
env i ronm ent .  
o  Visual i sat ion:  Visua l i sa t i on  can  be  d i v ided  in t o  two  b road  
t ypes  o r  ca tegor ies ,  Sc ien t i f i c  V isua l i za t i on  and  I n fo rmat ion  
V isua l i za t i on  (Char te rs ,  2010) .  S c ient i f i c  v i sua l i za t i on is  
concerned  w i th  the  convers ion  o f  numer ic  da ta ,  usua l l y  f rom 
sc ient i f i c  exper iments  and  s imu la t i ons  t o  a  g raph ica l  
r ep resen ta t i on .  In f o rmat ion  v isua l i za t i on  on  the  o ther  hand  i s  
concerned w i th  the  convers ion  o f  o ther  f o rms of  data ,  
s t ruc tured  and  uns t ruc tu red  t ex t ,  images  and  v ideo,  t o  an 
appropr ia te  g raph ica l  rep resen ta t ion  (Char te r ,  2010) .  Th is  
app l i ca t ion  is  essen t ia l  f o r  researchers .  
o  Pro ject  Speci f i c  Tools  &  App l icat ions:  For  spec i f i c  research  
p ro jec ts ,  ce r t a in  t oo l s  may be  requ i red  and  in t e r f ac ing  w i t h  
t hese  too ls  w i l l  be  necessary,  f o r  example ,  te lescopes.  
Dependant  o f  the t ype  o f  research be ing  under taken  spec i f ic  
t oo l s  w i l l  be requ i red .  
 
•  Products  and Services  re f e r  t o  t hose  com ponents  tha t  researchers  
may requ i re ,  however  no t  a l l  i ns t i t u t ions  w i l l  requ i re  a l l  o f  t he  
p roduc ts  and  serv i ces .  
o  Communicat ion & Col laborat ion re fe rs  t o  those  p roduc ts  and 
serv ices  that  a l l ow researchers  t o  communica te  and  
co l l abora te ,  i n t e r - i ns t i tu t i ona l l y ,  na t i ona l l y  and  in t e rna t iona l l y .  
Col labora t i on  may invo lve the  shar ing  o f  data  and  access  t o  
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con ten t  i n  repos i t o r i es  and  inc reas ing ly commun ica t ion and  
conf e renc ing  (Sargen t ,  2006) ,  i nc lud ing  aud io  con fe renc ing,  
v ideo  confe renc ing and  ins tant  messaging .  
o  Digi ta l  Curat ion &  Preservat ion:  Th is  ac t iv i t y  r e fe rs  to  t he  
ac t ive  management  o f  da tasets  f o r  the i r  s c ien t i f i c  and  
scho la r l y  usefu l  l i f e t imes,  i nc lud ing the  p romot ion o f  e f f ec t i ve  
and  w idespread  use .  Other  ePr in t  a rch ives ,  f or  example,  
t heses and  research  repor ts ,  f o rm  par t  o f  t h is  ca tegory (Page-
Sh ipp ,  et  a l . ,  2005) .  
o  Access  to  L icensed  or  Commercial  Data  and  In format ion:  
The pursu i t  o f  h igh  qua l i t y  research  requ i res  ready access  t o  
t he  pub l i shed  work  and  da ta  o f  o ther  r esearchers ,  and  t he 
f ac i l i t y  to  pub l ish  one 's  own f i nd ings  (Page-Sh ipp ,  et  a l . ,  
2005) .  I f  l i cences  are  nego t ia ted  on  a  na t iona l  l eve l ,  
r esearchers  i n  any ins t i t u t i ons  w i l l  have  be t te r  access  to  
commerc ia l  i n f o rmat ion.  
o  Open Access D ata  and In format ion  Services  & Products 
r e fe rs  to  those  p roduc ts ,  l i ke  on l i ne  pub l i ca t i ons  in  f orma l  
j ou rna ls ,  bu t  where  a  l i cens ing  fee  i s  not  requ i red .  I t  a l so  
re fe rs  t o  the  access  t o  na t iona l  and  ins t i tu t i ona l  repos i t o r i es .  
Open access  d ig i ta l  repos i to r ies ,  opera t i ng  i n  para l l e l  w i t h  
ex i s t i ng  comm erc ia l  pub l i sh ing  mechanisms,  can  p rov ide  a  
ma jo r  oppor tun i ty  t o  deve lop  a  sus ta inab le  in f o rmat ion 
in f ras t ruc ture  f o r  both  t rad i t iona l  and emerg ing  m odes  o f  
knowledge  p roduc t ion (Houghton ,  et  a l . ,  2003) .  Together ,  t hey  
p rov ide  t he  f ounda t ion  f or  more  e f fec t ive  and  e f f i c ient  access  
t o ,  and  d i ssem inat ion  o f ,  sc ien t i f i c  and  scho la r l y  i n f ormat ion.  
o  Remote  Inst rumentat ion  r e fe rs  to  t hose  serv ices  t ha t  a l l ow 
researcher  to  remote ly  con t ro l  ins t rumenta t ion and  equ ipment .   
o  Pr imary Data  Shar ing :  Mak ing  pr imary research  da ta  
ava i l ab le  to  o ther  r esearchers  is  par t  o f  the  e -Sc ience 
parad igm.  One needs  t o  s to re  not  on ly  t he  da tabase  per  se ,  
bu t  a lso  suf f i c ien t  m etada ta  t o  enable  a  po tent ia l  user  to  f i nd 
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r e levan t  data  and be sa t i s f i ed  w i th  i t s  va lue  and  provenance  
(Page-Sh ipp ,  et  a l . ,  2005) .  
o  Digi t i sa t ion  re fe rs  t o  those  p roduct s  and  serv ices  requ i red  t o  
conver t  da ta  and in f o rmat ion  in t o  a  d ig i ta l  f o rmat ,  t o  be  f u r t her  
used  by researchers .   
o  e-Research In format ion  Database re fe rs  t o  a  da tabase  o f  
i n f o rmat ion  spec i f i ca l l y  r e la t i ng  to  t he deve lopment  o f  t he 
var ious  components  o f  e -Research .   Th is  da tabase  shou ld  
h igh l i gh t  spec i f i c  deve lopm ents  be ing  under taken ,  who  is  
r espons ib le  f o r  them and  who t o  con tac t  t o  ga in  access .  Th is  
da tabase  is  a imed a t  ins t i t u t i ons  t ha t  a re  look ing  t o  ga in  
access  t o  o r  deve lop  the i r  e -Research  com ponents ,  wh ich  can  
t hen  look  a t  t he  da tabase  to  dete rm ine  i f ,  f o r  example ,  
v isua l i sa t i on  sof tware  has  a l ready been  deve loped ,  then  where  
t hey can  acqu i re  the  sof tware .  I n  t h is  manner ,  dup l i ca t i on  o f  
deve lopment  i s  avo ided ,  cos ts  a re  saved ,  and  co l l abora t i ve  
re la t i onsh ips  a re  bu i l t .  
o  Large  Sca le  Data  S torage Services  re f ers  t o  those  serv ices ,  
such  as  i ndex ing,  manag ing  and s to r ing  o f  l a rge sca le  da ta .  
o  Qual i ty  Assurance and User  Train ing  Services  re fe rs  f i r s t l y  
t o  p roduc ts  o r  serv ices  t ha t  ensure  the  qua l i t y  o f  da ta  
under l y ing  i s  o f  such  a  qua l i t y  t ha t  i t  can  be  used  by  
researchers .  The User  T ra in ing  S erv i ces  re fers  to  t hose 
p roduc t s  and  serv i ces  requ i red  to  enab le  researchers  to  use 
t he  under l y ing  in f ras t ruc tu re ,  p roduc ts ,  and  serv i ces .  
o  Access,  Authent icat ion  &  Author isat ion:  S ecur i t y  
t echno log ies  m us t  suppor t  a  va r ie ty  o f  user  and  p rov ider  
r equ i rem ents  such  as  au then t i ca t i on ,  au thor i za t ion ,  t rus t ,  
p r i vacy,  po l i c y management ,  and  in f o rm at ion  assurance,  a l l  i n  
a  user -  and  p rov ider  f r i end ly f ramework  ( ISS R,  2010) .  
o  Grid  and/or  Cloud  Access  r e f e rs  to  t hose  serv ices  t hat  a l l ow 
Gr id  and /o r  C loud  access  to  t he under l y ing  in f ras t ruc ture ,  
serv ices  e t c .  I t  a l lows  on-dem and access  t o  resources  f o r  t he 
user  i n  a  seamless  way.  
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•  Users ,  Access &  Mobi le /Remote  Connect iv i ty  r e f e rs  t o  a l l  
app l i ca t i ons  spec i f i ca l l y  re la ted  to  the  users  or  be ing used  by  users  
o r  r esearchers .  
o  Mobi le /Remote  Connect iv i ty  r e f e rs  to  the  t oo ls ,  p roduc ts  and 
serv ices  t hat  a l l ow researchers  t o  access  t he  p roduc t s ,  
i n f ras t ruc ture  o r  serv i ces  mob i le l y  o r  remote l y .  Th is  can 
inc lude  ce l l  phones ,  iPads,  and  t he  app l ica t i ons  requ i red  t o  
run  on  the p roduc ts  t ha t  a l l ow access  to  t he in f ras t ruc ture  
f rom remote  loca t ions .  
o  Vir tua l  Research  Environment  (V RE)  r e f e rs  to  the  set  o f  
on l i ne  too ls ,  sys tems,  p rocesses  in t e ropera t i ng  t o  f ac i l i t a te  or  
enhance  t he research  p rocess  ac ross  ins t i tu t i ona l  boundar ies .  
The  VRE prov ides researchers  w i t h  t he  t oo ls  and  serv i ces  t hey  
need  t o  do  research o f  any t ype  e f f i c ient l y  and  e f fec t i ve l y .  The 
VRE  fur ther  f ac i l i t a tes  co l l abora t ion  among communi t i es  o f  
r esearchers ,  o f t en ac ross  d i sc ip l i nes  and  nat iona l  boundar ies .  
o  e-Researchers,  e -Researcher  communi t ies,  Users,  
Deve lopers,  Support  re f e r  to  a l l  t he  peop le  who  can  use ,  
par t i c ipa te  i n ,  deve lop  and  suppor t  the  e -Research Framework .  
 
•  Ski l l s  Deve lopment  &  Training In frast ructure r e fe rs  t o  t he  
deve lopment  o f  sk i l l s  p rocess and t he  t ra in ing  in f ras t ruc tu re  
requ i red  to  up-sk i l l  researchers ,  suppor t  s ta f f ,  IT  spec ia l i s t s ,  
amongst  o thers .  
o  Ski l ls  Deve lopment :  A deeper  and  m ore  rap id  up- take  o f  e-
Research  wou ld  requ i re  a  cons iderab le  i nc rease  in  the  num ber  
o f  researchers  w i t h  t he  conf idence,  knowledge  and  t echn ica l  
s k i l l s  t o  under take  e -Research ,  and in  the  number  o f  IT  
spec ia l i s t s  who can  suppor t  o r  par t i c ipa te  i n  e -Research 
p ro jec ts .  Through  each  o f  t he l ayers ,  spec i f i c  sk i l l s  w i l l  be  
requ i red  f o r  d i f f e ren t  g roups  o f  peop le .  S k i l l s  deve lopment  w i l l  
be  c r i t i ca l  i n  imp lement ing  e -Research .  
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o  Train ing  Inf rastructure  re fe rs  to  the  in f ras t ruc tu re  requ i red in  
o rder  t o  deve lop  sk i l l s .  C loud  comput ing can  ass is t  w i t h  t h is  
as  resources  can dynamica l l y  and  in  a  v i r t ua l  way  be  made 
ava i l ab le  f or  t ra in ing  purposes  and  t hen  re -ass igned  on  
com ple t i on  o f  t he t ra in ing.  
 
•  Mult i -D iscip l inary S t ra tegic  Overs ight  &  Leadersh ip  Commit tee  
re f e r s  t o  a  comm i t t ee made up  o f  members  w i t h  a  s t ra teg ic  v i s ion  o f  
e -Research  f r om var ious  ins t i tu t i ons  t ha t  a re  a l so mu l t i -d i sc ip l i na ry.  
I t s  f unc t ion  i s  to  p rov ide  t he  s t ra teg ic  d i rec t i on ,  d r i ve ,  engagement  
and  co-o rd ina t ion  o f  e f f o r t  o f  research  g roups  invo lved  in  e -
Research.  Th is  commi t t ee  w i l l  be  respons ib le  f or  the  s t ra teg ic  
v i s ion  o f  e -Research  on  a  na t iona l  sca le .  The  commi t tee  shou ld  
fu r ther  be  respons ib le  f or  es tab l ish ing  work ing  g roups .  These 
work ing  g roups  wou ld ,  f or  example,  be  respons ib le  f o r  t he  research  
and  deve lopment  o f  one  o f  t he  components ,  such  as  v i sua l i sa t i on.  
The  comm i t t ee  shou ld  a l so  be  respons ib le  f or  de term in ing t he  
s t ra teg ic  d i rec t i on  o f  e-Research  over  t he  long  te rm .  e -Research 
ca l l s  f o r  a  cu l t u re  change  among a l l  s takeho lders ,  and  t o  d r ive  t h is  
change  requ i res  an  e -Research ‘ champion ’  o r  leader ,  we l l -
respected  mem bers (s)  o f  t he  research  commun i ty  recogn ised  by  
government ,  the  research  sec to r  and  bus iness ,  as  the  v is ib le  f ace 
o f  e -Research  (S argent ,  2006)  and  t o  d r ive  t he  e -Research  
endeavour .  Th is  commi t tee  shou ld  appo in t  the  necessary l eader  o r  
l eaders .  
 
•  Co-Ord inat ion  of  Act iv i t i es Management  Team:  A team to  ensure 
co-o rd ina t ion  o f  ac t iv i t i es ,  ac ross  the  var ious  layers  o f  t he 
f r amework .  To  be  cos t  e f f ec t ive  na t iona l l y ,  a l l  ac t iv i t ies  shou ld  be 
co-o rd ina ted  in  the i r  p lann ing,  deve lopment  and  implem entat i on.  
Th is  commi t tee shou ld  a lso be  respons ib le  f o r  ensur ing  
co l l abora t i on  on a l l  l eve ls .  
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•  e-Research  Funding  Par tnerships  re f e rs  t o  co l l aborat i on  be tween  
government ,  i ndus t ry and  ins t i tu t i ons  t o  f und  e -Research  ac t i v i t i es ,  
i nc lud ing  deve lopment  and  imp lementa t i on  o f  e -Research 
components  na t iona l l y  and  ins t i tu t i ona l l y .  The  par t nersh ips  w i l l  
requ i re  f und ing  f rom  bo th  pub l ic  and  p r i va te  sec to r  in  o rder  to  b r ing  
about  the  e-Research  f ram ework .  
 
•  Pol icy Development  and  Governance h igh l i ghts  t he  need  f or  
po l ic ies  to  be  rev iewed on  a l l  l eve ls  and  espec ia l l y  i n  t e rms  of  
fund ing ,  to  ensure  co- investment  and  co l l abora t i on .  Governance 
re fe r s  t o  the  ac t  o f  govern ing .  I t  re la tes  t o  dec is ions  t ha t  def ine 
expec ta t i ons ,  g ran t  power  o r  ver i f y  per f o rmance .  I t  f o rms  par t  o f  t he  
management  and leadersh ip  p rocesses  requ i red fo r  e -Research.  
Th is  governance shou ld  be  adm in is te red  by government .  
 
•  Col laborat ion was  f ound  t o  be  a  key and  necessary d r i ve r  f o r  e -
Research.  Co l l abora t i on  wou ld  be  requ i red  be tween s takeho lders  on 
a l l  f r ont s .  Th is  i s  i nc lus ive  o f  co l l aborat i ve  f und ing ,  co l l abora t ive  
deve lopment ,  and  co l l abora t i on  in  conduc t ing  research .  From a  
researcher  perspec t ive ,  Kat z  and  H icks  (1997)  i nd i ca ted  t ha t  t he 
c i ta t i on  o f  co l laborat i ve  papers  was  h igher  than  tha t  o f  so le -  
au thored  papers ,  and  t ha t  the  impac t  was  h igher  for  co l l aborat i ve  
papers  where  t hose  co l l abora t ions  were  in te rna t iona l .  P ar t i cu la r ly  
a t  the  na t iona l  leve l ,  t he  benef i t s  o f  co l l abora t i on  a re  many,  and  
inc lude cos t -shar ing  ac ross  in f ras t ruc tu re  i nves tments ,  t he  poten t ia l  
to  deve lop  new research  m ethods,  new c ross -d isc ip l ine approaches,  
new re la t i onsh ips ,  and enhanced  research outpu ts  (AERIC,  2006) .  
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5.6  Summary 
Throughout  th is  chap te r ,  t he  va r ious  components  mak ing  the  e -
Research  f ram ework  have  been  h igh l i gh ted .  Fur t hermore  t he ,  f und ing  
o f  t hese  var ious  components  was  d i scussed.  I n  sec t ion 5 .5 ,  t he  e-
Research  imp lementat i on f r amework  f o r  South  A f r ican  Organ isat ions  
was  exp la ined ,  and  a  b r ie f  desc r ip t i on  o f  each  o f  the  components  
i nd i cated  was  g i ven .  These  f i nd ings  have  bu i l t  a  s t r ong a rgument  in  
favour  o f  t he imp lementat i on  o f  t h is  f ram ework  i n  South  Af r ica ,  both  on  
a  na t iona l  and o rgan isa t iona l  l eve l .  
 
The  nex t  chapte r  h igh l i gh t s  t he  conc lus ions  o f  t he  research,  as  we l l  as  
i nd i cat i ng  recommendat ions  as  to  wha t  s teps  poss ib l y  need  t o  be  
taken in  order  t o  imp lement  t he f ramework ,  i nd i cated in  sec t ion 5 .5 .  
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CH APTER 6 CONCLUSIONS AND RECOMMENDATIONS 
6 .1  In t roduct ion 
The p receding  chap te rs  have  examined  t he  components  mak ing  up  t he 
e -Research  parad igm,  and  how these  components  a re  be ing  f unded.  
Based  on  the  f i nd ings  o f  t h is  research ,  an  e -Research  f ramework  was  
deve loped  and  desc r ibed  in  Chapter  5 ,  sec t i on  5 .5 .  Th is  f ramework  is  
i n tended  t o  ass i s t  t he  S outh  Af r i can  Government  and  se lec ted 
ins t i t u t i ons  i n  dr i v ing  the  e -Research  parad igm f o rward  a t  an  
acce le ra ted  pace.  I t  can  f u r t her  ass i s t  research managers  in  
implement ing an  e -Research  s t ra tegy w i t h in  the i r  own o rgan isa t ions .  
Las t l y ,  t he  f ramework  cou ld  ass is t  in  the  deve lopment  o f  s t ra tegy  
spec i f i c  t o  e -Research .    
 
As  par t  o f  t he p rocess  o f  deve lop ing  t he  f r amework ,  i t  was  poss ib le  t o  
come to  some conc lus ions  tha t  a re  perhaps  no t  d i rec t l y  par t  o f  t he 
f ram ework .   These  a re  d i scussed  in  some de ta i l  i n  t he  nex t  sec t i on .   
S im i la r l y ,  t he  recommendat ions  were  iden t i f i ed  and  re f lec ted  in  sec t ion  
6 .3 .  
6.2  Conclusions 
I n  se t t i ng  ou t  t o  de te rm ine  a  f ramework  f o r  t he  imp lementa t i on  o f  e-
Research  in  Sou th  Af r ica ,  fou r  ob jec t ives  were  se lec ted.  These  
ob jec t ives  re la ted  to  key  t hem es  iden t i f i ed  w i th in  the  research  
s ta tement ,  namely i den t i f y ing t hose  com ponents  that  shou ld  be  
inc luded  in  the  f ram ework ,  and  how these var ious  com ponents  a re  
funded ,  i n  order  to  e labora te  and  ex tend  on  t he  ex i s t ing  f ramework  
and f u r t her  ca l i b ra t i ng  t h i s  f r amework  w i th  a t  l eas t  one  research 
ins t i t u t i on.  The  f ind ings  f rom each o f  these ob jec t ives  p resented  in  
Chap te r  5  p rov ide  a  good  f ounda t ion  t o  suppor t  t he  research /prob lem 
s ta tement .  
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F rom  the  research ,  i t  can  be  conc luded  t ha t  a  d i ve rs i t y  o f  components  
make  up  the  e -Research  f r amework  (see  sec t ion  5 .4 .1  and  5 .5 ) .  None  
of  t hese  shou ld  be  ignored  o r  underes t imated.  Imp lementa t i on  o f  e-
Research  on  a  na t iona l  and  o rgan isa t iona l  l eve l  cou ld  con t r i bu te  
towards  bu i l d ing  Sou th  Af r i ca ’s  knowledge  economy.  I t  cou ld  a lso 
fu r t her  ass i s t  in  ensur ing  t hat  Sou th  Af r i ca  rema ins  g loba l ly  
compet i t i ve  i n  research .   
 
I t  was  seen  f rom  the  research  tha t  South  Af r i ca  has  la rge ly  been  
focused  on  t he  deve lopm ent  o f  “ cyber in f ras t ruc tu re”  (see  sec t ions  3 .1  
and 5 .4 .1 .1 ) ;  however ,  t he  research  has  h igh l i gh ted a  va r ie ty  o f  o ther  
components  t ha t  a l so  f o rm  par t  o f  e -Research.  I t  was  ev idenced  that  
wh i l e  researchers  can  benef i t  substan t ia l l y  f rom in f ras t ruc ture ,  w i thout  
the  necessary too l s  and  app l ica t i ons  t o  access  t he in f ras t ruc ture ,  t he  
fu l l  poten t ia l  o f  t h i s  i n f ras t ruc tu re  i s  poss ib l y  no t  be ing  u t i l i sed  or  
rea l i sed .   To  f u r ther  the  e -Research  capab i l i t i es  i n  Sou th Af r i ca ,  f ocus  
w i l l  need  to  be  g i ven  to  the  deve lopment  o f  p roduct s ,  se rv ices ,  and 
app l i ca t i ons .  The deve lopment  o f  e-Research  capab i l i t i es  shou ld  be 
looked  a t  ho l i s t i ca l l y  to  ensure  tha t  a l l  aspect s  a re  be ing  addressed ,  
as  opposed to  on ly f ocus ing  on cer ta in  a reas .  
 
For  t h is  reason ,  i t  was  conc luded  t ha t  a  body/ commi t tee  o f  peop le  
wou ld  be  requ i red  to  bo th  dr ive  and  t o  oversee  the deve lopment  (see  
sec t ion  5 .4 .2 .5 ) ,  imp lementat i on  and  p lann ing  o f  e -Research  on  a  
na t iona l  l eve l .  A  s im i la r  commi t t ee can  be  c rea ted  w i th in  i nd iv idua l  
i ns t i t u t i ons  t o  oversee  the ins t i tu t i on ’ s  e -Research  s t ra tegy  
implementat i on.  Th is  f u r ther  h igh l i gh ts  t he need  f o r  a  su i tab le  
o rgan isa t iona l  s t ruc tu re ,  i n  o rder  to  im p lem ent  t he  e -Research  
St ra tegy as  h igh l igh ted  in  sec t ion  2 .2 .1 .  
 
Fur t hermore,  the researcher  conc luded  t ha t  t he  f ramework  ( see  
sec t ion  5 .5 )  can  be  used  bo th  a t  a  na t iona l  l eve l  as  we l l  as  a t  an 
ins t i t u t i ona l  l eve l .  W here  a t  a  nat iona l  leve l ,  the  deve lopment  o f  a  
l a rge  h igh  per fo rm ance  comput ing  cen t re  may be  requ i red ,  f or  
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example ,  a t  an ins t i tu t iona l  leve l ,  access  to  the  resources,  as  opposed  
to  the  deve lopment  o f  t he  resource ,  m ay be  requ i red .  The  f ramework  
shou ld  t hus  be  adap ted  to  su i t  each  ins t i tu t ion ’s  needs .  As  ind i cated  
by one  o f  the  in t e rv iewees,  t he nex t  s tep  wou l d  be  t o  take  t he  
f ram ework  t o  un ive rs i t i es  and  research  ins t i tu t ions ,  so  t ha t  they can  
perhaps  expand on  t he  f ramework ,  bu t  more im por tan t ly ,  so  t ha t  t hey  
cou ld  p lan how they wou ld  implement  i t .  
 
The  f ramework  shou ld  a lso  cons tant l y  be  rev i sed  and  adap ted ,  as  and  
when emerg ing  t rends  and needs a r i se .  An  example  o f  t h is  was  
h igh l i gh ted  in  sec t ion  5 .4 .2 .2 ,  where  mob i le  connec t iv i t y  and  the  need  
fo r  a  V i r t ua l  Research  Env i ronm ent  cam e to  l i gh t  as  be ing  a  re la t i ve ly  
new need  in  Sou th  A f r i ca .  Mob i le  connec t iv i t y  and  c loud  com put ing 
a l so  d id  no t  f o rm par t  o f  t he  i n i t ia l  UK  and  Aust ra l i an  mode ls .  A  f u r t her  
example  t ha t  has  come to  l i gh t  i s  tha t  o f  Genera l  Purpose  Computat i on 
on  Graph ics  P rocess ing  Un i t s  (GPGPU,  2011) ,  wh ich  may f o rm par t  o f  
the  i n f r as t ruc tu re  layer  o f  t he  f ram ework ,  shown in  F igure  26 .  Th is  
cou ld  no t  be  inc luded in  the  s tudy as  i t  came to  l i gh t  a t  the  end  o f  t he  
s tudy,  bu t  shou ld  poss ib l y  be  s tud ied  f u r ther  and  incorpora ted  in to  t he  
f ram ework  i f  necessary .  I n  a  dynamic  env i ronment ,  such  as  e-
Research,  techno log ies  a re  cons tan t l y  chang ing ,  and  as  such  t he  
f ram ework  w i l l  requ i re  con t inuous  upda t ing  t o  ensure  i t  r ema ins  
re levan t .  
 
The  f ramework ,  ind i ca ted  in  sec t ion  5 .5 ,  i s  very comp lex  and  invo lves  
many s takeho lders  f rom a  d ive rs i t y  o f  i ns t i tu t i ons ,  and  ca l l s  f or  
ex tens ive  change on  t he  par t  o f  the  s takeho lders .  For  t h is  r eason ,  a  
h igh  leve l  o f  change  management ,  as  h igh l i ghted  in  sec t ion 2 .1 ,  w i l l  be 
requ i red ,  to  b r ing abou t  the  necessary  changes .  The  mode l  w i l l  requ i re  
a  h igh  leve l  o f  d iscuss ions on  the  par ts  o f  t he  a f fec ted  s takeholders  
and w i l l  requ i re  the  “buy- in ”  f r om a l l  a f f ec ted ins t i t u t i ons .  Fur t hermore,  
i t  was  ev idenced  f rom d iscuss ions  tha t  the  researchers  t hemse lves  
may be  re luc tan t  to  change  the  ways  in  which  t hey a re  work ing .  Th is  
cou ld  f u r t her  i nh ib i t  t he  implementa t i on  o f  e -Research,  bu t  m ore  
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impor tant l y ,  i t  cou ld  a f fec t  the  po ten t ia l  va lue  to  be  ga ined  by  
implement ing e -Research .  The  researcher  observed  t hat  f o r  such  a  
l a rge  sca le  imp lementa t i on,  co l labora t i on  wou ld  be  requ i red  be tween  
s takeholders  on  a l l  f ront s .  Th is  i s  inc lus i ve  o f  co l labora t i ve  f und ing,  
co l l abora t i ve  deve lopment ,  and  co l l abora t i on  in  conduc t ing research .  
 
The  researcher  f u r t her  observed  f r om the  research  that  sk i l l s  
deve lopm ent  and  t ra in ing  wou ld  be  essent ia l  to  t he  im plem entat i on  o f  
e -Research.  No t  on ly would  researchers  need  t o  be  sk i l l ed ,  but  a lso       
suppor t  s ta f f ,  deve lopers ,  managers ,  and  IT  personne l .  A  w ide  var ie ty  
o f  sk i l l s  wou ld  be  requ i red  t o  implement  e -Research ,  as  we l l  as  t he  
necessary  i n f r as t ruc tu re  on  wh ich  t o  conduc t  t ra in ing  (S ee sect ion  
5 .4 .2 .3 ) .  
 
F rom  the  research ,  i t  was  c lear  tha t  in t ang ib le  aspec ts ,  such as  
overs ight ,  l eadersh ip  and  co l l aborat i on ,  as  i nd i cated in  sec t ions  2 .2 .2 ,  
3 .6  and  5 .4 .2 .5 ,  shou ld  a l so be  inc luded  in  a  f ramework  f o r  e-
Research.  I t  was  seen  f rom the  research  (see  sec t ions  3 .5 .5  and 
3 .6 .1 )  that  these  aspec ts  can  o f ten  cont r i bu te  t o  the  success  o f  
va r ious  aspect s  o f  t he  e -Research  implementat i on  p rocess,  both  on  a  
na t iona l  and ins t i tu t i ona l  l eve l .  
 
F rom d iscuss ions dur ing  the  f ocus g roup ,  as  we l l  as  i n  t he  ways  tha t  
i n te rv iewees  responded,  the  researcher  observed  t ha t  t he re  may be  a  
l o t  o f  “ po l i t i cs ”  i nvo lved  in  f und ing  research.  Th is  appears  to  be  due  t o  
the  f ac t  t hat  f und ing  i s  scarce  and  t herefo re  compet i t i on  f o r  f und ing  
research  in f ras t ruc tu re  and  resources  i s  seen  t o  be  very  h igh.  Th is  
h igh  leve l  o f  compet i t i veness  cou ld  i nh ib i t  co l l abora t i ve  deve lopment  
o f  e -Research on a  na t iona l  sca le .  
 
Many o f  the  conc lus ions  have  led  t o  recomm endat ions  on  how to  t ake 
e -Research  f u r ther  in  S ou th  Af r ica .  The  f o l l owing  sec t ion  h igh l i gh ts  
these recomm endat ions  re la t i ng t o  the  imp lem entat ion  o f  e -Research.  
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6.3  Recommendat ions  
The f o l l owing  sec t ion  p rov ides  recommendat ions  fo r  imp lement ing  e-
Research  nat iona l l y  and  w i t h in  i ns t i tu t i ons /o rgan isa t ions .  These  
recommendat ions  a re  based  on  the  bes t  prac t ises  as  observed  in  t he  
l i t e ra tu re ,  as  we l l  as  deduc t ions  made dur ing  the  ana lys i s  o f  the  data .  
 
Overseas  exper ience ,  par t i cu lar l y  i n  t he  UK,  and  a l so  i nd ica ted  by  one  
o f  t he  i n te rv iewees  sugges ts  that  success  in  engag ing the  research  
commun i t y  i n  e - Research  i s  assoc ia ted  w i th  t he appo in tment  o f  a  
‘ champion ’ ,  a  we l l - respec ted  member  o f  the  research  commun i t y ,  
recogn ised  by government ,  t he  research  sec to r  and  bus iness  as  t he  
v i s ib le  f ace  o f  e -Research  (S argent ,  2006) .  I t  i s  recommended that  an  
e -Research  leader  o r  l eaders  be  appo in ted ,  to  f ac i l i t a t e  the  e -
Research  re f orms  and  to  cham pion t he  e -Research v i s ion.  I t  i s  f u r t her  
recommended t ha t  an  e -Research  S t ra teg ic  Overs igh t  Commi t t ee  be 
appo in ted ,  to  s t eer  the  imp lementat i on  o f  the  e -Research  S t ra teg ic  
F ram ework ,  i n  consu l ta t i on  w i t h  t he  research  sec to r  and o ther  
s takeholders .   
 
Fur t hermore,  t o  ra i se  awareness  and avo id  expens ive  dup l ica t i on  o f  
resources  and  f u r ther  t o  avo id  deve lop ing  sys tems t ha t  cannot  
commun icate  eas i ly  w i t h  each  o ther ,  i t  i s  r ecommended that  t he 
deve lopm ent  o f  the  va r ious  components  mak ing  up  t he  e -Research  
parad igm  be done  coord ina ted and  on  a  co l laborat i ve  bas is ,  under  t he 
gu idance  o f  the p roposed  co-o rd ina t ion  o f  ac t i v i t i es  team  and  
overseen  by  t he  s t ra teg ic  coord ina t ion  commi t tee.  As  ind ica ted  by  
AERIC (2006) ,  i n  sec t i on  3 .5 .4 ,  the bene f i t s  o f  co l l abora t i on  a re  many,  
and inc lude cos t  shar ing  ac ross  inves tments  i n  e -Research ,  t he  
po ten t ia l  to  deve lop  new research  methods ,  new c ross -d i sc ip l i ne  
approaches ,  and  new re la t i onsh ips  and  enhanced  research.  
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The  deve lopm ent  o f  the  components  shou ld  a lso,  however ,  be 
addressed  a t  a  na t iona l  l eve l .  Var ious  ins t i t u t i ons  cou ld  d r i ve  t he  
deve lopm ent  p rocess  bu t  to  ensure t hat  a l l  i ns t i tu t i ons  have  access  to  
these  t oo ls ,  app l i ca t i ons ,  produc ts  and  serv i ces ,  any deve lopment  
under taken  by an  ins t i t u t i on  address ing  e -Research  needs  shou ld  
se rve the b roader  research  commun i t y  co l l ec t ive l y .  
 
One  of  the  is sues  h igh l i ghted  in  the  focus  g roup d i scuss ions  was  
access  to  i n f ormat ion  and  t he  qua l i t y  o f  e lec t ronic  i n fo rm at ion .  In  l i ne  
w i th  S argen t ’ s  (2006)  recommendat ions ,  i t  i s  recomm ended that  a  da ta  
management  p lan be  dev ised ,  pr io r  t o  t he  da ta  be ing  co l l ec ted.  Th is  
da ta  and  in fo rmat ion  management  p lan  shou ld  i nc lude  in f ormat ion  on 
access  t o  t he  da ta ,  ownersh ip  o f  the  da ta ,  wha t  data  m igh t  be  
p reserved  o r  d iscarded ,  and t he  cond i t i ons  under  wh ich  t he  data  was  
co l l ec ted  o r  generated .  Th is  da ta  and in f o rmat ion  managem ent  p lan  
shou ld  then  be  incorpora ted  in t o  the  da ta  and  in f o rm at ion  m idd leware 
and serv i ces  func t iona l i t y .  
 
I n  o rder  t o  rea l i se  t he  f u l l  po ten t ia l  o f  e -Research,  researchers  w i l l  be  
requ i red  t o  adap t  the i r  ways  o f  work ing .  Th is  poss ib l y  ca l l s  fo r  a  
cu l tu re  change  (see  sec t ions  2 .2 .2  and  5 .4 .2 .3 ) .  I t  i s  recommended 
tha t  b road-based  d i scuss ions  be  he ld  w i t h  researchers ,  managers  and 
a l l  s takeho lders  ind i cat i ng  the  benef i t s  o f  e -Research ,  and  t ha t  a  f u l l -  
sca le  cu l t ure  change  in i t i a t i ve  be  s ta r t ed,  on  both  a  nat iona l  and  
ins t i t u t i ona l  l eve l .  I n  l ine  w i t h  t h is  cu l t ure  change ,  i t  i s  r ecommended 
tha t  a  sk i l l s  deve lopment  and  t ra in ing  in i t ia t i ve  be  es tab l ished ,  to  
address  a l l  sk i l l s  and  t ra in ing  requ i rem ents .   
 
Fund ing  may be  one  o f  the  b igges t  bar r i e rs  t o  overcome when want ing  
to  implement  e -Research ,  bu t  more im por tant l y ,  i t  was  ev idenced  tha t  
the  m ind-set  o f  managers ,  researchers  and  peop le  i nvo lved  in  
implement ing  e -Research  may need  t o  change  t o  be  more  f ocused  on 
co l l abora t i on  and look ing  a t  t he ho l i s t i c  h igh  leve l  p i c tu re  o f  e-
Research,  and  poss ib l y  l ess  focused  on ly  on  how they ind iv idua l l y  a re  
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a f f ec ted,  i n  o rder  to  br ing  abou t  the  necessary  change .  Th is  change  
needs  to  be d r i ven  and  incen t iv i sed  by the  management  o f  the  var ious  
ins t i t u t i ons  and t hrough  f und ing by government .  
 
W i th  regard  to  f und ing  and  in  l i ne  w i th  Appe lbe ’s  (2010)  f i nd ings  and  
the  research resu l t s  i t  i s  r ecommended t ha t  par t nersh ips  be  
es tab l ished  t o  f und  e -Research  ac t iv i t i es .  These  par tnersh ips  shou ld  
be  compr ised o f  un ive rs i t y / research  ins t i t u t i ons ,  governm ent ,  and  
indus t ry  f und ing.  Th is  ca l ls  f o r  the  rev iew o f  f und ing  po l i c ies  and  
Aust ra l i a ’s  example  o f  fund ing  po l i c ies ,  where  deve lopment  must  be 
done  on  a  co l l abora t i ve ,  nat iona l  and  non-exc lus ive  bas is ,  cou ld  work  
fo r  Sou th  Af r ica  as  we l l .  Fur thermore ,  when  f unded  wi t h  pub l i c  money,  
a l l  deve lopm ent  shou ld  se rve  the  research  and  innova t ion  sys tem 
broad ly ,  and  no t  j us t  t he hos t / f unded  ins t i t u t i ons .  I t  wou ld  t he re fo re  be 
essen t ia l  t o  rev iew f und ing po l i c ies .  These shou ld  be  requ i red  t o  
encourage  co l l abora t i on  and  co- inves tm ent .  As  i t  was  seen  t ha t  a  c lear  
d i v ide be tween government  and  ins t i tu t i ona l  fund ing  canno t  be  d rawn,  
i t  i s  recommended t ha t  m echanisms  t ha t  encourage  f und ing  
co l l abora t i on  a re  es tab l ished  as  an essen t ia l  f i rs t  s tep .   
 
F rom  the  set  o f  recommendat ions  p rov ided  above,  i t  i s  ev ident  that  
fu r t her  research wou ld  be  requ i red .  Recommendat ions  f or  f u r t her  
s tud ies  cou ld  i nc lude :  
•  A  s tudy poss ib ly  a imed at  deve lop ing  a  co l l abora t ive  f und ing  mode l  
fo r  e -Research,  poss ib l y  s ta r t ing  f rom a  po l ic y deve lopment  
perspec t i ve ;  
•  A  s tudy in t o  t he  po l i cy  changes  requ i red  to  imp lement  e -Research  
na t iona l l y ;  
•  Each  component  i den t i f i ed  i n  t he  f ramework  poss ib l y  r equ i res  
fu r ther  s tudy t o  unrave l  t he  complex i t y  and  requ i rements  f or  
implement ing the  component  w i th  or  w i t hout  co l l abora t i ve  f und ing ;  
•  Mob i le  A ccess  t o  p roduc ts ,  se rv ices  and  in f ras t ruc tu re ,  and  how 
these  have  been  incorporated  in  the  UK and  A us t ra l ian  e -Research 
ac t iv i t i es .  
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•  A  s tudy in to  t he ro le  o f  Genera l  Purpose Computa t ion  on  Graph ics  
P rocess ing  Un i t s  i n  e -Research.  
 
F rom  the  recommendat ions  above f or  f u r t her  s t ud ies ,  i t  can  be seen 
tha t  e -Research i s  a  new and  exc i t i ng  parad igm,  w i t h  m any  
poss ib i l i t i es  f or  researchers  to  s t udy f u r t her .  
 
6.4  C losing Remarks  
Th is  d i sser t a t i on  p resen t s  a  f ramework  f o r  t he  imp lementa t i on  o f  e-
Research  in  S ou th  A f r ican  o rgan isa t ions .  I t  addresses  a l l  t he  
components  which  f o rm  par t  o f  t he e -Research parad igm,  and  t ouches  
on  t he  f und ing  o f  t he  va r ious  components  and  how fund ing  can  a f f ec t  
the  imp lementat i on  o f  e -Research.  Fur t hermore,  recommendat ions  f or  
implement ing e -Research  a re  ind i ca ted  f o r  managers  and  a l l  
s takeholders  t o  cons ider  when  imp lement ing  e -Research,  bo th  
na t iona l l y  and  w i t h in  t he i r  respec t ive  organ isa t ions .  F rom the  above,  i t  
can  be  seen  t ha t  e -Research can  pave  t he  pa th  f o rward  f or  
researchers  i n  Sou th  Af r ica .   
 
Cons ider ing  a l l  t he  dynamics  i nvo lved  in  imp lement ing the  e -Research 
f ram ework ,  i t  can be  seen  t hat  i t  w i l l  be  a  g rand  cha l l enge,  but  a l so  
tha t  the  benef i t s  fo r  Sou th  A f r ica  a re  l im i t l ess .  Implementa t i on  o f  t he 
e -Research  f ramework  a ims  to  revo lu t i on ise  the  way in  wh ich  research  
i s  conduc ted,  and t o  dr ive  Sou th  Af r i ca  f o rward  in  a  g loba l ly  
compet i t i ve  marke t .  
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APPENDICES 
 
Append ix  1 :   
Focus Group Discussion  Template  
 
 
AGEND A 
 
1 .  In troduct ion 
•  I n t roduc t ion  o f  researcher  
•  A im and Format  o f  t he Focus  Group 
•  Conven t ions  (Con f iden t ia l i t y  &  Record ing  o f  Sess ion)  
•  Persona l  In t roduct ion  by par t i c ipants  
 
2.  D iscussion Topics  
Main  com ponents  mak ing  up the  e -Research Parad igm 
Components  imp lemented  in  Sou th A f r i ca  
D iscuss ion  o f  f r amework  
Fund ing  o f  Components  o f  e -Research  
 
3 .  Summing Up 
Thank  you  
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OVERVIEW 
 
The Fram ework  (shown in  F igure  27)  i s  bu i l t  up o f  l ayers .  A t  t he  
bo t t om,  the re  i s  t he  i n f ras t ruc tu re  l ayer  (co loured  in  b lue)  on  t op  o f  
wh ich  a l l  o ther  va r ious  layers  a re  bu i l t .  Th is  i n f r as t ruc tu re  l ayer  
cons is ts  o f  a l l  t he  phys ica l  hardware  necessary t o  imp lement  e -
Research.  On top o f  the  i n f ras t ruc tu re  l ayer  i s  the  m idd leware  layer  
(co loured  in  purp le ) .  The  midd leware  layer  compr ises  components  
necessary  t o  a l l ow app l i ca t i ons  to  i n te rac t  w i th  the  under l y ing  
hardware  in  t he  i n f ras t ruc tu re  l aye r .  Bu i l d ing  on  top o f  t he  m idd leware 
layer ,  i s  the  app l i ca t i ons  layer .  The  app l i ca t i ons  layer  cons is ts  o f  
va r ious  too ls ,  app l i ca t i ons  and  access t o  va r ious  in fo rmat ion sources .   
 
The  t hree  layers  desc r ibed  above can  then  a l l  be  accessed  by t he 
users  t h rough  a  human in te r f aces  layer .  Through  a l l  layers  sk i l ls  
deve lopm ent  i s  requ i red  t o  ensure  a l l  researchers ,  l i b ra r ians  and  IT  
spec ia l i s t s  can suppor t  and par t i c ipa te  i n  e -Research.  
 
I t  i s  f u r ther  i nd ica ted  t hat  two  bod ies  shou ld  poss ib l y  be  es tab l i shed .  
The  f i r s t  body would  be  respons ib le  f or  t he  co-o rd ina t ion  o f  a l l  
ac t iv i t i es  t h rough t he var ious  layer s  o f  the  f ramework .  I t  wou ld  ensure  
the  cos t -e f f ec t i ve  deve lopm ent ,  imp lem enta t ion  and  in t egra t ion  o f  t he  
va r ious  layers .  The  second  body wou ld  be  respons ib le  f o r  overs ight ,  
l eadersh ip  and  p rov id ing  s t ra teg ic  d i rec t i on .  These  two  bod ies  wou ld  
be  f unded  th rough  t he  Depar tment  o f  Sc ience  and  Technology,  and  
wou ld  be  respons ib le  f o r  es tab l i sh ing  t he  var ious  p ro jec ts  t o  de l i ve ry  
each  o f  t he  components  o f  e -Research .  
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DESCRIPTION OF COMPONENTS 
 
1.  Oversight  & Leadership  Commi t tee  
A  commi t tee  t o  p rov ide  the  s t ra teg ic  d i rec t ion ,  d r i ve  and 
engagement  and  coord ina t ion  o f  e f f or t  o f  r esearch  groups  invo lved 
in  e -Research .  Leadersh ip  re fe rs  t o  t he  appo in tment  o f  an  e -
Research  ‘ cham pion ’  o r  l eader ,  a  we l l - respec ted  member  o f  t he 
research  communi t y ,  recogn ised  by  government ,  the  research  sec tor  
and bus iness  as  the  v is ib le  f ace  o f  e -Research (Sargen t ,  2006) .  
 
2.  Co-Ord inat ion of  Act iv i t i es Management  Team  
A  t eam to  ensure  co-o rd inat ion  of  ac t iv i t i es ,  ac ross  t he  var ious  
layers  o f  the  f ramework .  To be cos t  e f fec t i ve  na t iona l l y ,  a l l  
ac t iv i t i es  shou ld  be  co-o rd ina ted  in  t he i r  p lann ing ,  deve lopment  and  
implementat i on.   
 
3.  Gr id/Cloud In frast ructure Layer  
Gr id  i s  desc r ibed  by  Fos te r  and  Kesse lman (1999)  as  be ing  a  
hardware  and so f tware  in f ras t ruc tu re  tha t  p rov ides  dependable ,  
cons is t ent ,  pe rvas ive,  and  inexpens ive  access  to  h igh-end  
computat i ona l  capabi l i t i es .  Sou th  Af r ica  has  a l so  i nves ted  in  
bu i ld ing  Gr id  i n f ras t ruc tu re  and  has  es tab l i shed  the  Sou th  Af r ican  
Nat iona l  G r id .  The  Sou th  Af r ican  Nat iona l  Gr id  is  a  f ederat i on  o f  
resources ,  i ns t i tu t es  and  V i r tua l  Organ isa t ions .  I t  i s  a  p la t f o rm f or  
co l l abora t i on  and  research,  p rov id ing  many serv i ces  t o  sc ient i s t s  
(Sou th  Af r ican  Nat iona l  G r id ,  2010) .  Accord ing  t o  t he Sou th  Af r ican  
Nat iona l  Gr id  (2010) ,  t he  na t iona l  gr id  f orms  par t  o f  an  e -
In f ras t ruc tu re  and p rov ide  suppor t  t o  users  o f  sc ien t i f i c  com put ing  
and  co l l aborat ion .  
 
•  Nat ional  Backbone Netw ork:  A network  f o r  a l l  p rov inc ia l  and  in te r -
i ns t i t u t i ona l  ne tworks  t o  connec t  t o ,  as  we l l  as  connec t ing  
i n te rna t iona l l y  to  o ther  educa t ion  and  research  ne tworks  and  g r ids ,  
such  as  i n  Europe ,  Aus t ra l i a  and  Amer ica .  The Research  and  
educa t ion  ne twork  i n  South  A f r ican i s  ca l l ed SANRen (SANRen,  
2011) .  
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•  Provincia l  Networks:  A  ne twork  l i nk ing  a l l  i ns t i t u t i ons  i n  a  
p rov ince and  connec t ing t o  t he  nat iona l  backbone  ne twork .  
•  In ter - Inst i tu t ional  Netw orks:  A  ne twork  l ink ing  a l l  i ns t i tu t i ons  
toge ther ,  such  as  a l l  un ive rs i t i es  i n  a  p rov ince,  and  l ink ing  research 
ins t i t u t i ons .  Then l i nk ing  t hese  separa te  ne tworks  t o  a  prov inc ia l  
ne twork .  
•  High Per formance Comput ing:  Researchers  now need  access  t o  
power fu l  h igh per f o rmance  comput ing  capac i t y  (NRIC,  2006) .  They  
requ i re  serv i ces  such  as  gr id  comput ing  and access  t o  databases  
tha t  make  increas ing ly more  ex tens ive use  o f  h igh  per f o rmance  
comput ing  f ac i l i t ies  i n  a  co l l aborat i ve  env i ronment  (NRIC,  2006) .  
Sou th  Af r ica  has  deve loped  the Cent re  f or  H igh  P er formance 
Comput ing  (CHP C,  2010)  i n  Cape  T own.  Through  us ing  th i s  sys tem,  
the  CHPC “a ims to  enhance  s ign i f i can t  research ,  address  grand  
cha l l enges ,  and g row computat i ona l  research”  (CHPC,  2010) .   
•  Digi ta l  Reposi tor ies:  Th is  i s  where  d ig i t a l  conten t ,  assets ,  a re  
s tored  and  can  be searched  and  re t r i eved  f o r  l a t e r  use .  A  repos i to ry  
suppor ts  mechan isms  t o  impor t ,  expor t ,  i den t i f y ,  s t ore  and  re t r i eve  
d ig i t a l  assets  (J ISC,  2011) .  I n  Sou th  A f r ica ,  the  “Very Large  
Database  (V LDB )”  i s  i n  t he  deve lopm ent  phase  (CHPC,  2010) .  I t  i s  
a imed at  complement ing  the  Cent re  f o r  H igh  P er formance 
Comput ing  t hrough  t he  e f f ec t ive  cu ra t i on  o f  l a rge  databases ,  
spec i f i ca l l y  i n  a reas  o f  env i ronmenta l  and  c l imate  change  mode l l i ng  
and  as t ronomy (CHPC,  2010) .  
 
 
4.  Midd lew are Layer  
A majo r  deve lopm ent  o f  g r i d  comput ing  has  been the  deve lopment  
o f  m idd leware,  t he  commun ica t ions  layer  t ha t  a l l ows  app l i ca t i ons  t o  
i n te rac t  ac ross  hardware  and  ne twork  env i ronments  (Pate rson,  
L indsay,  Monot t i  &  Ch in .  2007) .  
 
•  Grid  M iddlew are  &  Serv ices:  P rov ides  essen t ia l  access,  
commun icat ion,  accoun t ing,  secur i t y ,  t rus t ,  and  co-o rd ina t ion  
e - R e s e a r c h :  A n  I m p l e m e n t a t i o n  F r a m e w o r k  F o r  S o u t h  A f r i c a n  O r g a n i s a t i o n s  
 
-  136  -  
se rv ices  between the  (computat i ona l  and  da ta)  resources  o f  t he 
g r id  and  t he  h igher - l eve l  se rv ices  tha t  use  them (DSTC,  2004) .  
•  Data  and In format ion Middlew are  &  Services:  P rov ides  t oo ls  
and  serv ices  t hat  enab le  t he  index ing ,  a rch iva l ,  d iscovery,  
ana l ys is ,  i n t egra t i on ,  m anagement  and  p reservat ion o f  l a rge 
he te rogeneous  d is t r ibu ted  da ta  repos i t o r i es  and  d ig i ta l  a rch ives  
(DSTC,  2004) .  
•  Knowledge Management  Middleware  &  S ervices:  The  f ocus  o f  
t h i s  m idd leware is  t o  make  use  o f  da ta  and  in f ormat ion  
genera ted ,  a rch ived  and  indexed  to  mob i l i se  knowledge  and  
a im ing  towards  bu i l d ing a  knowledge  economy.  
•  Col laborat ion  Middlew are  &  Serv ices:  p rov ides t oo ls  and 
serv ices  t o  suppor t  f o rma l  and  in f o rma l ,  rea l - t im e and  o f f l i ne  
co l l abora t i ve  ac t iv i t i es  between remote l y  l oca ted researchers ,  
r esearch  comm uni t i es ,  and  resources  (dynamic ,  sca lab le  v i r t ua l  
o rgan izat ions )  (DSTC,  2004) .  
 
5.  Access to  In format ion  
Sc ien t i f i c  and  scho la r l y  pub l i sh ing  is  now evo lv ing  a long  two  
d i s t i nc t  pa ths  –  one  in  wh ich  la rge  commerc ia l  pub l i shers  a re  
i nc reas ing  t he i r  dom inance in  such a reas  as  ‘ b randed’  jou rna l  t i t l es  
and  access  t o  sc ien t i f i c  pub l ica t i on ,  and  t he o ther  i n  wh ich  t here  
a re  a  va r ie t y  o f  open  access  in i t ia t i ves  (Houghton ,  et  a l . ,  2003) .  
 
•  Commercia l  Publ i sh ing:  The pursu i t  o f  h igh  qua l i t y  research  
requ i res  ready access  to  the  pub l i shed  work  and da ta  o f  o ther  
researchers ,  and  t he f ac i l i t y  to  pub l i sh  one 's  own f i nd ings  (Page-
Sh ipp ,  et  a l . ,  2005) .  
•  Open Access Data:  I n  the t rad i t i ona l  commerc ia l  mode l ,  payment  
o f  a  l i cence  o r  o ther  access  f ee  i s  requ i red ,  whereas  an  emerg ing 
mode l  i s  o f  ' f ree '  o r  ' open '  access t o  on l i ne  pub l i ca t i ons  in  f o rmal  
j ou rna ls  o r  i ns t i t ut i ona l  o r  nat iona l  repos i to r i es  (Page-Sh ipp,  et  a l . ,  
2005) .  
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•  Pr imary Data  S har ing :  Mak ing  pr imary research  da ta  ava i l ab le  t o  
o ther  r esearchers  i s  par t  o f  the e -Sc ience  parad igm.  One needs  t o  
s t ore  not  on ly  t he  da tabase  per  se ,  bu t  a lso  suf f i c ien t  m etadata  t o  
enable  a  poten t ia l  user  to  f i nd  re levan t  da ta  and  be  sa t is f i ed  w i t h  
i t s  va lue  and p rovenance  (Page-Sh ipp ,  et  a l . ,  2005) .  
 
6.  Tools,  Appl icat ions  & Services 
 
•  Visual isat ion :  Visua l i sa t i on  can  be  d i v ided  in t o  two  b road  types  o r  
ca tegor ies ;  Sc ient i f i c  V i sua l i za t i on and  I n format ion  V isua l i za t i on  
(Char ters ,  2010) .  Accord ing to  Char te r s  (2010) ,  s c ien t i f i c  
v i sua l i za t ion  i s  concerned  w i th  the  convers ion  o f  numer ic  da ta ,  
usua l l y  f rom sc ien t i f i c  exper iments  and  s imu la t i ons  to  a  g raph ica l  
rep resen ta t i on .  In f o rmat ion  v isua l i za t i on  on  t he  o ther  hand  is  
concerned  w i th  the  convers ion  o f  o ther  f orms  of  da ta ,  s t ruc tu red  
and  uns t ruc tu red t ex t ,  images  and  v ideo ,  to  an  appropr ia te  
g raph ica l  rep resen ta t i on.  
•  Access,  Authent icat ion  &  Author isat ion:  Secur i t y  techno log ies  
mus t  suppor t  a  va r ie t y  o f  user  and  p rov ider  requ i rements  such  as  
au then t ica t i on,  au thor i sat i on,  t rus t ,  p r i vacy,  po l i cy  management ,  
and  in f o rmat ion  assurance,  a l l  i n  a  user -  and  p rov ider -  f r i end ly  
f r amework  ( ISSR,  2010) .  
•  Communicat ion &  Col laborat ion:  Col laborat i on  may invo lve  
remote  con t ro l  o f  equ ipment ,  shar ing  o f  data  and  access  to  con tent  
i n  repos i t o r i es  and  inc reas ing ly  commun ica t ion  and conf e renc ing  
(Sargen t ,  2006) ,  i nc lud ing  aud io  con f erenc ing,  v ideo  conf e renc ing 
and  ins tan t  messag ing .  
•  Digi ta l  Curat ion &  Preservat ion :  Th is  ac t i v i t y  re f e rs  t o  the  ac t ive  
management  o f  da tasets  fo r  t he i r  sc ien t i f i c  and  scho la r l y  usef u l  
l i f e t imes ,  i nc lud ing  the  p romot ion  o f  e f fec t ive  and  w idespread  use .  
O ther  ePr in t  a rch ives ,  f or  example ,  theses  and  research  repor t s ,  
fo rm par t  o f  th is  ca tegory (Page-Sh ipp ,  et  a l . ,  2005) .  
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•  E-Learning /Dig i ta l  Scho larship  Tools  & Appl icat ions:  Too ls  and  
App l ica t i ons  t o  p rov ide  an  i nnova t ive  l ea rn ing  exper ience  f or  
l ea rners  (L i ,  et  a l . ,  2006)  
•  Project  Speci f i c  Tools  &  Appl icat ions:  For  spec i f i c  research 
p ro jec ts ,  ce r t a in  t oo l s  may be  requ i red  and in te r f ac ing  w i t h  t hese  
too ls  w i l l  be  necessary ,  fo r  example ,  t e lescopes.   
 
7.  App l i cat ions/Human In ter faces  
App l ica t i ons  t o  make  t he  under l y ing  m odu les  and  da ta  access ib le  and 
easy to  use and  access .  
 
8.  Sk i l l s  Deve lopment  
A  deeper  and  more  rap id  up- t ake  o f  e -Research wou ld  requ i re  a  
cons iderab le  inc rease  in  t he  number  o f  researchers  w i t h  t he  
conf idence,  knowledge  and  t echn ica l  sk i l l s  to  under take  e -Research ,  
and in  t he number  o f  IT  spec ia l i s t s  who  can  suppor t  o r  par t i c ipate  i n  e-
Research  p ro jec ts  w i th  dom ain -based researchers  (Aust ra l i an  
Government ,  2006) .  
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Append ix  2 :   
An  Implementat ion Framew ork for  e -Research:  In terv iew  Schedule   
 
I n t roduc t ion  by researcher :  
Th is  i n t e rv iew f o rms  par t  o f  a  cu r ren t  research s tudy be ing  conduc ted  
fo r  the  fu l f i l lment  o f  requ i rements  f o r  a  Mas te rs  Degree  in  Bus iness  
Admin is t ra t i on  th rough  Un isa ’ s  Schoo l  o f  Bus iness  Leadersh ip .  The  
researcher ,  She l ly  Fern ihough ,  i s  inves t iga t i ng  t he  com ponents  mak ing  
up  the  e -Research  parad igm  and  how these  components  a re  f unded .  
The  I n te rv iew i s  des igned  to  ob ta in  f eedback  f r om you  based  on  your  
exper ience  and knowledge  o f  e -Research.  
 
W ould  you  have  any ob jec t i ons  t o  th i s  sess ion  be ing  recorded?  
 
For  the  purpose  o f  re fe renc ing,  wou ld  you  g ran t  perm iss ion  f o r  your  
name and  t he de ta i l s  o f  t h i s  sess ion  t o  be  recorded ,  t o  be  used  as  
re fe rences?  
 
In t e rv iew Quest ions :  
 
1 .  F rom  the f ramework ,  a re  t he re any com ponents  tha t  make up t he 
e -Research parad igm tha t  have no t  been  inc luded? 
2 .  F rom  the f ramework ,  a re  t he i r  any  com ponents  that  have  been  
inc luded  but  do no t  f o rm par t  o f  e -Research? 
3 .  In  your  op in ion  what  a re  t he  weaknesses  and  s t reng ths  o f  the 
mode l?  
4 .  How shou ld  e -Research  be f unded  and  by who? Cent ra l i sed  o r  
de-cen t ra l i sed.  
5 .  W hich  components  shou ld  be f unded  na t iona l l y  by  governm ent  
and wh ich  by  i nd i v idua l  i ns t i tu t i ons?  
6 .  Look ing a t  t he rev ised f ramework ,  wha t  a re your  op in ions  o f  t he  
changes  m ade? 
 
